Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



"- - _ - IsBiied June 10. IW". 

U. S. DEPARTMENT^OF^GRICULTURE. 

OmOE OF BIPaRIMENT STATIONS-BeLLKIH 187. 

A, C. TRUE, Olrootor. 



I 



STUDIES 



THE DIGESTIBILITY AND NUTRITIVE 
VALUE OF LEGUMES 

AT THE 

UI-rn'EHSITT OF TEHNKSSEJE, 
1901-1905. 



CHAS. E. WAIT, Ph. D,, F. C. S., 

Pmfttior of UiemUtry, Ihivfraity i,f Temtt^re. 




WASHINGTON: 

GOVEKNMENT PRINTINO OFFK 
1807. 



LIST OF PDBLICATIONS OF THE OFFICE OF EXPERIMEUT STATIOKS OK 
THE FOOD Alio BOTRITION OF MAS. 

WOfB.— FiTttiixifpiihllckUnrilnvhlcttApilcelotltudKiiifdlollvD (bouM be madu to ths Sainrtn* 
' londent at I'aninmili^ Ooisnnnan t-natlBg Offier. Wutiivtoa. D. C^ Ua olBait A^cuMiid by In* 
li> m4I Oontiimaai pubUoUoiu. PabUailooi coukBl vitb as wieilik !*i ki> set vvAUUii tw <Ub- 
tnbatlim. 



^Iiurt*. Food uu! Diet. BftV 



tiBTva "n lb" rtiBiniwnf t,M BRmomy "I CmuL Bj W". 0. 

r >iij--u.ir. Food lUtsrtals. B^ W. 0. 



^. W. M«y. irlUi muiimuKa by 
By W. K. aUHH. wkdiooni- 

j um'. By B. ». TooDuM. 



(. l-rttw. lu'oenM. 

D tnosligatloiu In Pltuimrg. Ta.. UM-iaw. By Iwbd Bevbr. Pp. «)■ PiM*. I 

n Ir,v.'ftlp,illi>na at the Unlvoraty ot Trim-F-™' in 'W iurl 1<«tr, Ky C, T!. W«lt. 

' ■>mNewM«jlo"liilH»7. i: 

'^"InHKuuHwa. Ci.ri! Munu 

■inilllUoiiso. Boporl. . I'll. 



I, DuacilptlDDo[iiMe«ReBMntlDnCftlt>i1inateT»i' 
IntbHHuni&nBiKly. By W. O. AtwikUriui'l 

S. Tlir Phy9lQlnKl(«ieO«ot ntCrutlnaiKiCnMlir 
UoUot. Pp-2*- Pil<«.5oant<. 

r. StudlMOD Brand and BtnnlUitklnK. H% ti.irr: 

lOiWQta. 
L A DOKilpllouor 6oinoCbiiiewVc>e''i.>: 

Vai™. By W. C. Bta»l»k. Pn, -i-.. ■■ ■ 
t. ExuiUneota on Uu 

itwater «md F. 



ira. 



Pdoe, 10 coDt*. 
rStnUMoENw; 



L. Dietary StndlM at NeBioai 

Bevlu. Pp. U. Price, S uou..^. 
S. Dlstaiy Studtei ot UnlTendty Boat Ci 

I. Nutrlttiw InvBgdgBtioM at Uw Calllcini 
U, B. Jaffa. Pp. 39. Piloe, h eenU. 

i. A Knnort of lnvufltlEatloiw on th« T 
Woods ulid L. 1!. HptrtU. Pp. 61. . ._ 

I. F.JtportiQL-iilBonlliBEBeotodliuouliirWi, 
tain ol NllrnKun. Conducted at tbt' Vl 



Fl<, St. rrtn, 11 tontt. 




THE DIGESTIBILITY AND NUTRITIVE 
VALUE OE LEGUMES 

AT THE 

UNIVEHSITY or TENXESSEE, 
1901-1905. 

BY 
CHAS. E. WAIT, Ph. D.. T. C. S., 




WASHINOTON: 

'iOVEKNMEXT PRINTING OFFICE. 

moT. 



LETTER OF TRANSMITTAL 



U. S. Department of Agriculture, 

Office of Experiment Stations, 

Washington, D. C, March 21^, 1907, 

Sir: I have the honor to transmit herewith a report of investiga- 
tions conducted in 1901-1905 by Charles E. Wait, Ph. D., F. C. S., 
professor of chemistry at the University of Tennessee, as a part of the 
nutrition investigations carried on under the auspices of this Office. 

In the course of investigations Professor Wait has had the cooper- 
ation and assistance of Prof. C. O. Hill and Messrs. C. A. Mooers, W. K. 
Hunter, C. G. Schenk, T. M. Powell, and W. H. Brown, all of the 
University of Tennessee. 

The present bulletin reports 72 experiments, made for the purpose 
of studying the digestibility of red kidney beans, white navy beans, 
and three varieties of cowpeas, namely, whippoorwill peas, clay peas, 
and lady peas. The results obtained with cowpeas are particularly 
interesting, as they show that this typical southern legume has very 
much the same nutritive value as the better known varieties of beans. 
When their distinctive and pleasant flavor is taken into account, as 
well as the many ways in which cowpeas may be prepared for the 
table, it seems obvious that their use as a food might be profitably 
extended. 

Believing that the investigations reported furnish data of practical 
as well as scientific interest, it is recommended that the report be pub- 
lished as Bulletin 187 of this Office. 

Respectfully, A. C. True, 

Director. 
Hon. James Wilson, 

Secretary of Agriculture, 

(3) 



CONTENTS. 



Page. 

Introduction 7 

Digestibility of legumes. 8 

Investigations here reported 13 

Experiments with kidney beans 20 

Experiments Nos. 233-235 20 

Experiments Nos. 236-238 22 

Experiments Nos. 239 and 240 24 

Experiments with white beans 26 

Experiments Nos. 334-336 26 

Experiments Nos. 337-339 26 

Experiments with cowpeas 30 

Experiments with whippoorwill peas 30 

Experiments Nos. 340-345 30 

Experiments Nos. 626-631 33 

Experiments Nos. 644-649 35 

Experiments with clay peas 38 

Experiments Nos. 346-354 38 

Experiments Nos. 632-637 41 

Experiments with lady peas 44 

Experiments Nos. 355-363 44 

Experiments Nos. 364-367 47 

Experiments Nos. 638-643 48 

Experiments Nos. 650-655 50 

Summary and discussion 52 

(5) 



DIGESTIBILITY AND NUTRITIVE VALUE OF 

LEGUMES. 



INTEODUCTION. 

The family of plants commonly known as pulse or legumes have 
long been widely recognized as valuable sources of food. The lentil 
(Lens esculenta), for example, which is in conmaon use in Asia and in 
Mediterranean countries and less extensively elsewhere, is among the 
oldest of food plants and perhaps one of the first ever cultivated. 
Another member, the soy bean (Glycine hispida), has for many cen- 
turies been used by the Chinese and Japanese in the manufacture of 
certain food preparations that are an indispensable part of their diet, 
giving flavor and relish and supplying in considerable measure the 
very essential ingredient — protein — that in the diet of western people 
is furnished largely by animal food. The Indians had some varieties 
of beans and peas under cultivation when this continent was discov- 
ered. Representatives of the legume family are used as food in all 
lands where the climate permits of their cultivation. Taking all 
countries together, they rank next to the cereals in importance among 
vegetable foods. 

Different kinds of legumes are in common use in different parts of 
this country. In the northern and eastern sections the white or navy 
and red kidney beans (Phaseolus vulgaris) and the Lima bean (Phase- 
olus lunatus) are more commonly used. These are used also to some 
extent in the Southern States, but there the cowpea (Vigna catjan^) 
is perhaps of more importance. In the Southwest the frijole (PJmse- 
olus sp.) is a part of the daily food of the Mexicans or natives of 
Spanish-Indian descent. Carob (Ceratonia siliqua)j familiarly known 
as ''St. John's bread,'' lablab bean (Dolichos lahlah), mungo bean 
(Phaseolus mungo) j asparagus bean (Dolichos susquepedalis) ^ and 
other varieties are common articles of diet in oriental countries and 
are used to a limited extent in the United States by the Chinese or 
other residents of foreign birth or extraction. 

The legumes are all very rich in nutritive ingredients. Even the 
unripe fruits of edible podded varieties, such as string beans and 
sugar peas, which are much esteemed, equal or sxirpass in composition 
other green vegetables. The more mature seeds, the so-called shelled 
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beans and peas, which are also quite extensively eaten, contain as 
much carbohydrates and more protein than most of the matured vege- 
table foods, as potatoes. The dried legumes, which are the most 
abimdantly used, surpass all other forms of vegetable food and even 
most animal foods in richness of protein, while at the same time they 
contain neariy as much carbohydrates as the cereals. 

The total quantity of legumes consumed in this country, though 
perhaps somewhat less than in European and Asiatic countries, is 
quite appreciable. In an average of neariy 400 family dietary studies 
made in connection with the nutrition investigations of the Office of 
Experiment Stations, dried legumes comprised 1 per cent of the total 
quantity of food material consumed and supplied neariy 3 per cent of 
the total protein and a little less than 2 per cent of the total carbo- 
hydrates of the diet. They are used, however, more in some regions 
and under some circumstances than in others. In lumber camps, for 
example, beans are a very important article of the diet. They sup- 
plied upward of 20 per cent of the protein and 10 per cent of the 
energy of the total food consumed by lumbermen in a camp in Maine 
in which dietary studies were recently made."* 

DIGESTIBILITY OP LEGUMES. 

The richness of the legumes in nutritive constituents does not alone 
determine their nutritive value. For this it is necessary to know also 
their digestibility, i. e., the ease and especially the completeness with 
which their nutrients may be digested and absorbed by the body. 
Some investigations of the digestibility of legumes have been made 
during the past thirty years, but in view of their importance as food 
materials our actual knowledge of the subject has not been as extended 
as is desirable. 

With respect to the ease or rapidity of digestion of legumes, defi- 
nite information based on experimental data is practically wanting. 
From earlier times practical experience has suggested that these are 
'^ hearty food/' and it has been commonly believed that they are 
harder to digest than other foods. There is a general opinion that 
they are valuable food for active, hard-working people, especially 
those much out of doors, but are not suited to those with little exer- 
cise or to invalids or convalescents. Some persons are distressed 
after eating beans by an evolution of gas in the intestine, and the 
beans are accordingly said to be indigestible, since in popular dis- 
cussion the term digestibility is used in connection with any food 
with reference to the extent to which one is or is not made conscious 
of it during or after digestion. Why or under what conditions or to 
what extent the legumes cause discomfort in digestion is not clearly 
known. Experiments with animals indicate that the production of 

flXJ. S. Dept. A-gr., Office of Experiment Stations Bui. 149. 



gas in the intestine is due to the fermenting action of bacteria upon 
carbohydrates. The removal of the skins of beans in the process of 
cooking and the addition of bicarbonate of soda and salt to the 
water in which the beans are soaked has been found in some cases to 
aid in decreasing the amount of fermentp^tion. There has been 
little actual investigation of the subject, but there is considerable 
reason to believe, principally from practical experience, but also to 
some extent from experimental evidence, that when eaten in reason- 
able amount by persons in health the legumes need not cause distress 
in digestion. 

Some attention has been paid to the study of the thoroughness of 
digestion of legumes. Hoffman" found in some experiments with 
men that 47 per cent of the protein of a diet of bread, lentils, and 
potatoes was excreted as compared with a loss of 18 per cent of an 
equal amount of meat protein eaten by the same person. Strtim- 
pell^ also studied the digestibility of lentils. When he ate about 
250 grams of those that had been soaked awhile in water and cooked 
in the usual manner, about 40 per cent of the protein was excreted. 
In the same investigation he made experiments with a mixture of 
lentil and cereal meals, a commercial preparation, which he made 
into cakes with milk, eggs, and butter. The quantity of protein in 
the feces from the whole diet was but 10 per cent of that in the 
legume preparation used. With all allowance for the fact that part 
of the protein of the preparation was from cereals, and also that the 
cakes contained considerable animal protein, which may have had a 
favorable influence on the digestion of that from the legume, the 
results would indicate that the legume protein was more thoroughly 
digested when the lentils were ground and specially prepared than 
when they were eaten whole as usually cooked. These results have 
frequently been quoted as showing that the method of preparing 
the legumes has considerable effect upon their absorption. 

Striimpell found as a result of several tests that distilled water 
alone and distilled water containing magnesium phosphate were 
absorbed by the dried lentils in larger quantities than distilled water 
containing calcium phosphate, and, though he made no experiments 
with the lentils thus prepared, he was persuaded that the method of 
cooking has an important influence upon the digestibility of legumes. 

Woroschiloff*' studied the comparative digestibility o.f the protein 
of peas and meat. In his experiments with meat he found in a 
maximum case 10 per cent of the nitrogen of the meat diet in the 
feces; but in later experiments the quantity was but 8 per cent with 

o Reported byVoit, Sitzber, K. Bayer, Akad. Wiss. Math. Phys. Kl., 1869, pt. II, 
p. 483. 

&Deut. Arch. Klin. Med., 17 (1876), p. 108. 
cAbs. in Berlin Klin. Wchnschr., 10 (1873), p. 90. 
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the largest rations of meat and was as low as 4 per cent with smaller 
rations. In the experiments with peas, on the other hand, the 
quantity of nitrogen in the feces from the pea diet was in the lowest 
case 10 per cent and in two other experiments 12 and 17 per cent, 
respectively. 

Rubner^ made experiments with dried hulled peas, cooked for 
two or three hours, until soft, and then passed through a sieve. 
The diet consisted simply of this material, salted to taste, and 1 
liter of beer a day. In one case the subject ate 960 grams of peas 
a day, from which he digested 72 per cent of the protein, 25 per cent 
of the fat, 93 per cent of the carbohydrates, and 64 per cent of the 
ash. This diet caused the subject great discomfort from formation 
of gas, and considerable quantities of the peas appeared undigested 
in the feces. In the second experiment the amount of peas eaten 
was reduced to 610 grams per day, in which case there was no dis- 
comfort. The coefficients of digestibility in this experiment were: 
Protein, 83 per cent; fat, 36 per cent; carbohydrates, 96 per cent, 
and ash, 68 per cent. Malf atti ^ made two similar experiments with 
split peas, cooked until they formed a homogenous porridge, and 
salted. The amount eaten in each case was nearly the same as in 
Rubner's second experinient, and about a liter of beer a day was 
drunk. In one case butter was added to the peas, and in the other 
it was not. The coefficients of digestibility in the two cases were 
practically identical, averaging: Organic matter, 91 per cent; pro- 
tein, 86 per cent; carbohydrates, 96 per cent; ash, 62 per cent. In 
the experiment with butter added the digestibility of the fat was 92 
per cent, but the corresponding figure was not given for the experi- 
ment without the butter. 

Richter ^ also reported some experiments in which the digestibility 
of peas was studied. As in Rubner's experiments, the peas were 
cooked until soft and then passed through a sieve, but distilled water 
was used for cooking in one case and hard water in the other. The 
subject ate about 600 grams of the puree per day. When the peas 
were cooked in distilled water, the subject digested 93 per cent of the 
total organic matter, 90 per cent of the protein, 88 per cent of the 
fat, and 81 per cent of tlie ash; but when cooked in hard water the 
coefficients were for total organic matter 91 per cent, protein 83 per 
cent, fat 59 per cent, and ash 52 per cent. Not only were the peas 
cooked in distilled water more thoroughly digested, but they caused 
less digestive disturbance than those cooked in hard water. 

The lower digestibility of the protein of the peas cooked in hard 
water would favor the opinion suggested by Strumpell's results with 

aZtschr. Biol., IG (1880), p. 127. 

ftSitzber. K. Akad. Wiss. [Vienna], Math. Naturw. KL, 89 (1884), pt. Ill, p. 339w 

cArch. Ilyg., 46 (1903), p. 264. 
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lentils — that the character of the water in which the legumes are 
cooked affects their digestibility. This may be due to the effect of 
various salts upon the legume proteid, the calcium salts of the water 
that contains lime combining with it to form compounds insoluble 
in water, and hence not properly softened in cooking. The influence 
of bicarbonate of soda in improving this condition may be in neutral- 
izing the effect of the lime. 

Prausnitz" carried on a digestion experiment in which the subject 
for three days partook of a diet consisting chiefly of white beans. 
These were soaked in water overnight and then cooked in salted 
water until soft. A small amount of flour browned in fat was mixed 
with the beans, with the addition of a little vinegar and some of the 
water in which the beans were cooked. A trifle over 30 per cent of 
the nitrogen from the diet was excreted in the feces. 

Interesting information regarding the digestibility of preparations 
of legumes in common use in Japan has been made available by 
Oshima ^ in a summary of Japanese nutrition investigations. Two 
experiments were made with dried beans cooked in shoyu. The skin 
of the beans was not removed in cooking. In one experiment the 
quantity of beans eaten was very much larger than in the other and 
the digestibility in the former case was decidedly lower than in the 
latter. In the average of the two experiments the coefficient of 
digestibility for protein was 65 per cent and that for carbohydrates 
86 per cent. The figure for fat was too low for consideration. In 
contrast with the results obtained in experiments with beans them- 
selves are those in a similar experiment with tofu, a soy-bean prepa- 
ration consisting chiefly of bean proteid precipitated in combination 
with magnesium and calcium salts. The coefficient of digestibility 
in this case was for protein 96 per cent, for fat 97 per cent, and for 
carbohydrates 88 per cent. In another experiment with tofu the 
coefficient for carbohydrates was 98 per cent and that for fat 95 per 
cent, but that for protein only 89 per cent.. In the latter case the 
experiment continued but one day, wherefore the results may be 
less reliable than those of the experinffent that continued longer. 
They do, however, confirm those obtained in the more reliable experi- 
ment in showing that the digestibility of the bean preparation was 
much higher than that of the whole beans. A one-day experiment 
with yuba, another soy-bean preparation consisting mainly of coagu- 
lated bean proteid, gave the following results: For protein 93 per 
cent, for fat 96 per cent, and for carbohydrates 87 per cent. In a 
similar experiment with tofu cake, /)r kara, which is the soy-bean 
residue remaining from the preparation of tofu, the coefficients of 
digestibility obtained were for protein 79 per cent, fat 84 per cent, 

aZtschr. Biol., 26 (1890), p. 227. 

& U. S. Dept. Agr., Office of Experiment Stations Bui. 159. 
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and carbohydrates 83 per cent. In the average of four experiments 
in which the diet included rice in addition to tofu the coefficients were 
for protein 96 per cent, for fat 95 per cent, and for carbohydrates 99 
per cent. The results of all these experiments clearly indicate that 
the digestibility of the protein of the special preparations of the 
legumes is decidedly greater than that of the legumes merely cooked 
in their natural condition. 

There is one serious objection to the results of experiments such as 
the majority of those summarized above; the legumes comprised 
practically the whole of the diet. Their digestibility under such 
circumstances may or may not be the same as when they are eaten in 
combination with other food materials. In experiments with other 
kinds of food it has been commonly found that the digestibility of a 
given food is greater when it forms a part of a diet of several materials 
than when it is eaten alone. It is, of course, desirable to know to 
what extent the nutrients of the legumes are digested when they are 
eaten in combination with other foods in the ordinary mixed diet. 
Information of this nature has been only lately obtained. Recently 
Snyder ® made some digestion experiments of this nature with white 
or navy beans. The beans were first cooked for twenty minutes in 
boiling water containing bicarbonate of soda to loosen the skins, 
which were then removed by rubbing the beans against each other in 
cold water. The hulled beans were then baked in the usual way, 
with butter added to supply fat. These were eaten by active, healthy 
men as a very considerable part of a simple diet of beans, white bread, 
and milk, thus combining animal and vegetable protein in the diet. 
Since the digestibility of the nutrients of the bread and milk eaten 
was fairly well known as a result of previous investigation with these 
two materials, allowance could be made for them and the digestibility 
of the nutrients of the legumes alone computed. The results thus 
obtained in the average of three experiments were, for total dry matter 
91 per cent, protein 80 per cent, fat 80 per cent, and carbohydrates 96 
per cent. The average digestibility of the total protein, including 
that from the bread and miik as well as that from the beans, was 88 
per cent. In three other experiments in which the same diet was 
used but with oleomargarine added, the digestibility of the protein 
averaged also 88 per cent, and in similar experiments in which butter 
was used in place of the oleomargarine the average digestibility of the 
protein was 90 per cent. The indication from all these results is that 
the legume protein was quite uniformly digested. 

Snyder^ reports similar experiments with porridge made from 
dried peas. The peas were thoroughly cooked for twelve hours, at 
first rapidly over a gas burner and then more slowly in an oven until 
they were completely disintegrated, forming a porridge or thick soup 

o Minnesota iSta. Bui. 74, p. 121. ^ Minnesota Sta. I3ul. 92, p. 267. 
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containing about 82 per cent water. Each of the subjects ate daily 
for three days a quantity of the porridge equivalent to about 6 ounces 
of dry peas. In addition to the porridge the ration included rice, milk, 
and sugar, but nearly one-third of the protein of the diet was supplied 
by the peas. The ration gave entire satisfaction and caused no 
digestive distiu'bance. The digestibiUty of the total ration was Very 
uniform for all three subjects, the average coefficients being protein 
87 per cent, fat 94 per cent, and carbohydrates 97 per cent, while the 
availability of the energy was 90 per cent. When allowance was made 
for the digestibility of the other foods in the ration, the digestibility of 
the peas alone was protein 80 per cent and carbohydrates 96 per cent. 

In another series of experiments,** the peas porridge in about the 
same amount as before was eaten with bread and bacon, though the 
peas furnished a somewhat smaller proportion of the total protein. In 
this case the average coefficients of digestibility for the entire ration 
werfi protein 84 per cent, fat 96 per cent, and carbohydrates 96 per 
cent, and 87 per cent of the energy was available, the figures agreeing 
with those obtained with the peas and rice ration. 

It is evident from Snyder's work as a whole that when peas are well 
cooked the nutrients which they sup|dy are very thoroughly digested. 

As a part of the previously mentioned studies of the food of Maine 
lumbermen, Woods and Mansfield ^ conducted three digestion experi- 
ments with typical members of the crew living on the regular diet of 
the camp, which consisted of a number of common food materials, but 
included baked beans in amounts sufficient to supply 22 to 26 per 
cent of the total protein consumed. The average coefficients of 
digestibility for^e total diet were, protein 85 per cent, fat 97 per cent, 
carbohydrates 98 per cent, and ash 88 per cent. It was estimated 
that if the nutrients of the other materials in the diet aside from beans 
were digested to the same extent as has been found under other cir- 
cumstances the coefficient of digestibility of the protein of the beans 
in these experiments was at least 78 per cent. 

INVESTIGATIONS HEEE EEPOETED. 

As will be seen from the foregoing sunmaary, which takes account 
of all the reports of investigations on legumes which have been found 
on record, our knowledge regarding the digestibility and consequently 
the nutritive value of legumes as commonly eaten has hitherto been 
meager: In view of their importance as dietary articles it has 
seemed desirable to make a thorough investigation of the subject. 
The present bulletin is a report of seventy-two experiments conducted 
at the University of Tennessee, in cooperation with the Department 
of Agriculture, for the purpose of determining the digestibility of 
different kinds of legumes. Of these experiments eight were made 

«Loc. cit., p. 270. 

ftU. S. Dept. Agr., Office of Experiment Stations Bui. 149, p. 36. 
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with white beans, six with red kidney beans, and the remainder with 
different varieties of cowpeas. 

The general method of investigation was the same in these experi- 
ments as in those reported in previous pubUcations of the Office of 
Experiment Stations.^ The legumes were eaten in combination 
with other food materials, both animal and vegetable, and the diges- 
tibility of the diet as a whole was ascertained from the data regarding 
the ingredients of the food consumed and those excreted in the feces. 
The digestibility of the other constituents of the ration aside from 
the legumes was assumed from the results of previous investigations, 
or was ascertained for the subjects of these experiments, and that 
of the legumes themselves was calculated. These conditions are 
explained in detail beyond. 

In a considerable number of the experiments the diet consisted of 
bread, milk, butter, pork, bananas, and sugar, in addition te the 
legumes. In no case was the number of food materials larger than 
this, but in several experiments some of the articles enumerated other 
than the legumes were omitted from the diet. The object was to have 
the diet sufficiently palatable to be eaten for a number of days, and so 
varied that the results obtained^egarding the digestibility of legumes 
might be considered as appUcable to the ordinary mixed diet con- 
taining legumes, yet sufficiently simple to allow the estimation of the 
digestibility of the legumes themselves from the data obtained with 
the total diet. The foods used were of such nature that but two of 
them — the pork and the legumes — needed cooking in preparation 
for the experiments. The legumes were washed thoroughly and then 
boiled for several hours, until the water was nearly evaporated. 
They were usually eaten cold. The pork used was ordinary fat salt 
pork of fairly uniform composition. When included in the ration it 
was boiled with the legumes and helped to flavor them, but in the 
majority of the experiments no pork was used. 

All the foods used in connection with these experiments were sam- 
pled and analyzed except the bananas. The composition of the 
bananas used was assumed to be that found by analyses previously 
made in the laboratory of the University of Tennessee. The methods 
of analyses were those adopted by the Association of Official Agricul- 
tural Chemists, ^ with such minor modifications as have been found 
expedient in this laboratory and by other investigators. The heats 
of combustion of the samples were determined by means of the bomb 
calorimeter, ^ with certain accessory devices added by the writer 
to increase the facility of the determination. 

The data regarding the composition and heat of combustion of the 
food materials are given in Table 1 . 

o See list on cover. 

^ U. S. Dept. Aij^r., Bureau <.f ( hemistry Bui. -10 revised. 

c Jour. Amer. Chem. Soc., 25 (1908), p. (559. 
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Table 1. — Percentage composition and heats of combustion of food materials used in 

digestion experiments. 



Sample 
No. 



558 
573 
574 
585 
666 
724 
601 
679 
618 
711 
749 
559 
603 
620 
668 
681 
713 
726 
560 
576 
587 
604 
621 
635 
669 
682 
714 
727 
561 
575 
586 
602 
619 
667 
680 
712 
725 
605 
622 
670 
715 
206 
750 



Kind of food. 



Beans, kidney 

Beans, white 

do 

Cowpeas, whippoorwill. 

;!]!ido]!!!!!!!!!!]!]!!!! 

Cowpeas, clay 

Cowpeas, lady 

;!]!!do!!!!!!]!!!!!!!!!!! 

Milk 

do 



do 

do 

do 

do 

do 

Butter 

do 

do 

do 

do 

do 

do 

do 

do 

do 

Bread, wheat. 
do 



do 

do 

do 

do 

do 

do 

do 

Salt pork., 

.'.'.'.'.do'.'.'.'.. 

do 

Bananas . . 
Composite. 



\1lTt\4-n» 


Nitro- 


Protein 


Fat. 


w ater. 


gen. 


(NX 6.25). 


Per ct. 


Per ct. 


Per ct. 


Per ct. 


11.25 


4.06 


25.38 


1.41 


11.21 


2.92 


18.25 


1.63 


11.17 


3.70 


23.13 


1.52 


8.08 


3.68 


23.00 


1.35 


12.84 


3.19 


19.94 


1.48 


8.36 


3.43 


21.44 


1.70 


13.37 


3.71 


23.19 


1.45 


10.77 


3.51 


21.94 


1.78 


11.32 


4.08 


25.50 


1.73 


10.27 


3.58 


22.38 


1.75 


10.05 


3.80 


23.75 


1.75 


86.54 


.54 


3.38 


4.25 


86.16 


.47 


2.94 


4.48 


86.10 


.54 


3.38 


4.70 


85.83 


.50 


3.13 


5.29 


85.61 


.50 


3.13 


5.65 


83.65 


.61 


3.81 


6.94 


85.65 


.51 


3.19 


5.27 


9.35 


.19 


1.20 


86.23 


13.49 


.14 


.85 


81.06 


11.36 


.14 


.86 


85.38 


14.30 


.28 


1.72 


78.68 


16.14 


.24 


1.51 


78.00 


14.76 


.21 


1.31 


80.56 


6.74 


.22 


1.37 


89.10 


10.56 


.10 


.65 


85.08 


11.79 


.20 


1.23 


84.87 


14.10 


.26 


1.63 


82.88 


33.45 


1.58 


9.86 


.75 


32.62 


1.71 


10.70 


1.08 


33.17 


1.76 


11.00 


.77 


34.03 


1.54 


9.66 


.66 


32.74 


1.75 


•10.92 


.41 


30.57 


1.53 


9.53 


.90 


27.56 


1.55 


9.86 


.94 


31.64 


1.53 


9.56 


.66 


31.48 


1.54 


9.60 


.86 


7.20 


.56 


3.51 


86.01 


11.31 


.67 


4.20 


80.44 


3.52 


.76 


4.76 


90.81 


7.59 


.68 


4.23 


84.20 


77.16 


.20 


1.26 


.72 


64.84 


.76 


4.78 


3.86 



Carbohy- 
drates. 



Per ct. 

58.38 

64.89 

60.20 

63.64 

62.17 

64.74 

58.49 

61.79 

57.88 

62.15 

60.94 

4.94 

5.65 

5.05 

5.06 

4.89 

4.91 

5.26 



Ash. 



Per ct. 
3.58 
4.02 



54.77 
54.38 
53.92 
54.70 
54.67 
58.05 
60.66 
57.27 
57.22 



20.14 
25.61 



98 

93 

57 

76 

50 

72 

3.57 

3.45 

3.51 

.89 

.77 

.77 

.69 

.72 

.69 

.63 

3.22 

4.60 

2.70 

5.05 

4.35 

3.37 

2.79 

3.71 

2.11 

1.45 

1.17 

1.22 

1.14 

.95 

1.26 

.95 

.98 

.87 

.84 

3.28 

4.05 

2.38 

3.55 

.72 

.91 



Heat of 
combus- 
tion per 
gram. 



Calories. 



3.885 
3.960 
071 
908 
040 
915 
913 
4.023 
3.922 
3.997 



.803 
.755 
.839 
.866 
1.014 
.872 



7.187 
7.892 
7.040 
6.965 
7.105 
8.058 
7.820 
7.866 
7.669 



3.011 
2.992 
2.917 
2.953 
3.077 
3.176 
3.002 
3.025 
8.220 
7.401 
8.585 
8.090 
.898 
1.664 



The subjects of the experiments were all young men in good phys- 
ical condition, with normal appetites and digestive functions. Dur- 
ing the experimental periods they followed their usual routine of 
lite, the only change being in the character of their diet. It was 
intended that the ration should- include the different food materials 
in such amount that the nutritive value of the diet would be not far 
from the common standard for a man at light to moderate muscular 
work, 112 grams of protein and 3,000 calories of energy per day. 

Each of the experiments continued four days, similar or corre- 
sponding experiments with two or three subjects running simultane- 
ously. On the evening preceding the first day of each experiment a 
supper of bread and milk was eaten in order to give the feces a char- 
acteristic consistency. Just before the first breakfast of an experi- 
ment a capsule containing lampblack was administered to each 
subject to assist in the demarcation of the feces. A similar demarca- 
tion was also made when the experimental period was ended. In 
this way a very satisfactory separation of the feces pertaining to each 
experiment was obtained. The total quantity of feces for each exper- 
iment was dried and ground for analysis and was analyzed in the 
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same manner as the foods. The data regarding the composition and 
heat ol combustion of the feces are given in Table 2. These are for 
the water-free feces in each case, and the weights of feces given in 
the tables of the experiments beyond are likewise those of water-free 
feces. 

Table 2. — Composition and heat of combustion of water-free feces. 



Sam- 

>le 

To. 



s'; 



562 

563 

564 

566 

567 

568 

570 

571 

577 

578 

679 

581 

582 

583 

588 

589 

590 

592 

593 

594 

606 

607 

608 

610 

611 

612 

614 

615 

616 

623 

624 

625 

627 

628 

629 

631 

632 

633 

636 

637 

639 

640 

671 

672 

673 

675 

676 

677 

683 

684 

685 

687 

688 

689 

716 

717 

718 

720 

721 

722 

728 

729 

730 

732 

733 

734 

751 

752 

753 

755 

756 

757 



Feces from— 



Experiment 
Experiment 
Experiment 
Experiment 
Experiment 
Exi)eriment 
Exi)eriment 
Exi)eriment 
Experiment 
Experiment 
Exi)eriment 
Experiment 
Experiment 
Exi)eriment 
Experiment 
Exi)erlment 
Experiment 
Experiment 
Experiment 
Exi)erlment 
Experiment 
Experiment 
Experiment 
Experiment 
Experiment 
Experiment 
Experiment 
Experiment 
Experiment 
Experiment 
Experiment 
Experiment 
Experiment 
Experiment 
Experiment 
Experiment 
Experiment 
Experiment 
Experiment 
Experiment 
Experiment 
Experiment 
Experiment 
Experiment 
Experiment 
Experiment 
Experiment 
Experiment 
Experiment 
Experiment 
Experiment 
Experiment 
Experiment 
Experiment 
Experiment 
Experiment 
Experiment 
Experiment 
Experiment 
Experiment 
Experiment 
Experiment 
Experiment 
Experiment 
Experiment 
Experiment 
Experiment 
Experiment 
Experiment 
Experiment 
Experiment 
Experiment 



No. 233 
No. 234 
No. 235 
No. 236 
No. 237 
No. 238 
No. 240 
No. 239 
No. 334 
No. 335 
No. 336 
No. 337 
No. 338 
No. 339 
No. 340 
No. 341 
No. 342 
No. 343 
No. 344 
No. 345 
No. 346, 
No. 347 
No. 348 
No. 349 
No. 350 
No. 351 
No. 352 
No. 353 
No. 354 
No. 355 
No. 356 
No. 357 
No. 358 
No. 359 
No. 3()0 
No. 3()1 
No. 3()2 
No. 3()3 
No. mA 
No. 3G5 
No. 3()6. . . . 
No. 367. . . . 
No. 626. . . . 
No. ()27. . . . 
No. G28. . . . 
No. G29. . . . 
No. 6.30. . . . 
No. 631.... 
No. 632. . . . 
No. ()33. . . - 
No. 634.... 
No. 635. . . . 
No. 636. . . . 
No. 637. . . . 
No. 638.... 
No. 639.... 
No. 640. . . . 
No. 641.... 
No. 642. . . . 
No. 643. . . . 
No. 644. . . . 
No. 645. . . . 
No. 6^6. . . . 
No. 647. . . . 
No. 648. . . . 
No. 649. . . . 
No. 6.'i0. . . . 
No. 651.... 
No. 6,52. . . . 
No. 653. . . . 
No. 654. . . . 
No. 055. . . . 



— 


Nitrogen. 


[ 


Per cent. 
6.80 


[ 


7.02 




6.01 


». 


7.11 




6.83 




6.50 


............ 

1 


7.28 




6.59 




[ 


6.69 




5.94 




5.92 




7.08 




6.26 




6.54 




1 


5.94 




5.98 




5.46 




6.09 


............ 

[ 


6.32 




6.59 





5.13 




5.96 




4.71 


••••••....•. 


5.21 





6.33 





5.23 




6.20 




6.49 




5.45 





4.76 


............ 


5.86 





4.81 




5.93 


............ 


6.62 




('). 25 





6.32 




6.88 




6. 21 




5. 25 


--.--. 


5.33- 



Protein 
(NX 6.25). 



5.99 
5. 61 
5.92 
5. 04 
5.27 
0.09 
0.04 
5.63 
5. 23 
5.09 
5. 23 
5. 65 
5.96 
21 
79 
98 
06 
5. .56 
5.94 
5. 70 
4.07 
5. 26 
3.91 
5.24 
0.01 
5.47 
5.5J I 
5.36 I 
4.34 ' 
0. 25 
0. 42 i 
0.12 



5. 
4. 
4. 
4. 



Per cent. 
42.48 
43.90 
37.59 
44.43 
42.68 
40.62 
45.47 
41.15 
41.81 
37.14 
37.07 
44.27 
39.14 
40.85 
37.14 
37.34 
34.11 
38.04 
39.51 
41.18 
32.05 
37.24 
29.45 
32.56 
39.54 
32.71 
38.77 
40.58 
34.03 
29.74 
36.61 
30.04 
37.09 
41. 35 
39.08 
39. 42 
43.01 
38.82 
32.83 

33. 29 
37. 45 
3.'). 03 
37. 02 
31.53 
32.92 
38.09 
37.77 
35.20 
32. 08 
32. 02 
32. ()() 
35. 31 
37.22 
32. 55 
29.98 
31. 13 
25.40 

34. 72 
37. 13 

35. ()3 
29.17 
32.86 
23.42 
32.73 

37. 54 
34.21 
34. .59 
33.48 
27.15 
39.04 
40.13 

38. 23 



Fat. 



Per cent. 

5.54 

5.12 

10.52 

9.51 

5.48 

7.89 

7.16 

5.83 

9.88 

8.63 

a 71 

9.40 

9.92 

11.02 

5.18 

4.98 

4.15 

6.01 

4.03 

6.04 

21.17 

27.30 

24.07 

12.46 

12.17 

11.24 

6.31 

6.10 

5.01 

23.04 

28.13 

20.16 

18.88 

12.59 

15.95 

1.?. 69 

10.52 

11.06 

23.58 

21.10 

11.94 

13.12 

18. 73 

26.33 

25.46 

4.59 

7.63 

9.10 

20.23 

21.38 

22.04 

7.77 

9.15 

8.29 

23.24 

20.75 

27.51 

12.23 

7.97 

12.83 

24.22 

17.74 

24.09 

6.57 

5.64 

6.00 

19.62 

12.80 

16.97 

13.03 

7.84 

12.08 



Carbo- 
hydrates, 



Per cent. 
39.83 
39.96 
39.87 
34.34 
40.96 
40.28 
34.59 
39.33 
35.25 
42.83 
41.59 
29.16 
35.98 
30.94 
48.51 
48.96 
52.92 
46.28 
47.25 
42.98 
28.77 
22.68 
31.28 
40.29 
37.42 
42.99 
42.50 
43.08 
50.02 
28.06 
16.62 
3(). 03 
20.04 
33.53 
29.88 
29.62 
33.26 
34.42 
28.91 
28.55 
36.87 
3,5.48 
28.32 
25.89 
26.09 
45.56 
42.66 
43.59 
30.64 
30.28 
29.72 
46.00 
41. 09 
47.34 
27.46 
28.75 
27.28 
36.19 
40.33 
39.01 
27.37 
,30.38 
34.70 
48.27 
44.94 
49.81 
.30. 45 
36.84 
37. ,32 
32.60 
,38.00 
37.12 



Ash. 



Per cent. 
12.15 
11.02 
12.02 
11.72 
10.88 
11.21 
12.78 
13.69 
13.06 
11.40 
12.63 
17.17 
14.96 
17.19 
9.17 
8.72 
8.82 
9.67 
9.21 
9.80 
18.01 
12.78 
15.20 
14.69 
10.87 
13.06 
12.42 
10.24 
10.94 
19.16 
18.64 
13.77 
17.99 
12. 53 
15.09 
17.27 
13.21 
15.70 
14.68 
17. 0() 
13.74 
16.37 
15.93 
16. 25 
15.53 
11.76 
11.94 
12. 11 
16.45 
16.32 
15.58 
10.92 
11.94 
11.82 
19.32 
19.37 
19.81 
16.86 
14.57 
12.53 
19.24 
19.02 
17.79 
12.43 
11.88 
9.98 
15.34 
16.88 
18. .56 
15.33 
14. 03 
12. .57 



Heat of 
combus- 
tion per 
gram. 



Calories. 



4.954 
4.899 
4.857 
4.927 
4.939 
4.859 
4.893 



930 
832 
957 
925 
974 
380 
745 
575 
034 
5.191 
4.985 
4.828 
4.956 
4.758 
5.485 
5.696 
5. 455 
.5. 114 
.5. 110 
5.106 
4.916 
4.924 
4.806 
.5.450 
5.188 
5.006 
4.893 
5.398 
.5.667 
5. 627 
4.931 
4.996 
4.947 



,5. 416 



489 
405 
813 



4.827 



4. 
5. 
5. 
5. 
4. 
4. 
4. 



710 
261 
157 
655 
824 
773 
988 
5.309 
5.315 
5.955 
4.787 
4.836 
4.781 
5.470 
5.175 
5.452 
4.992 
4.901 
4.987 
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In order to ascertain the availability of the energy from a given 
diet, it is necessary to know not only the energy of the food eaten 
and that of the feces excreted, but also that of^the incompletely oxi- 
dized residues from protein that are excreted in the urine. For this 
reason the urine was collected in the various experiments, and its 
nitrogen content and heat of combustion were determined. In some 
instances these data were determined for each day of the experiment 
and in other cases on a composite sample of the urine for the four 
days. The total amount, nitrogen content, and heat of combustion 
of the urine in the various experiments are shown in Table 3. 



Table 3.—Ammmti, compotiti(tti, and heat of combustion 


of uHne 






s 


Amount. 


Nitr 


ogeii. 


Ilaatol 




Propor- 


Amount 




330 
337 

33B 
3« 


1,022 

,1 

\',m 

m 
iloM 

1,260 
4,643 
a, 463 

iS 

li 
11 


" 1, 11 

11 

1:29 
1,20 

l.W 

i:,oo 

i.is 

1.00 
1.05 


OroTmr. 

11 

11.45 

10 64 

II 

16.04 
16 16 

16:30 

II 
11 

50.42 
5L39 


Calorie,. 




'.WH 








.108 

'.aa 








.100 




s 




:m7 


580 


.OKt 




















































2,070 


1.94 


15. »6 
11.30 
























0,B04 




68. IB 
















lioa 

12.11 
1100 






«n l:i|! LM 




















4,498 




46,43 


,079 









187—07 3 



Table 3. — Amoantt, eompotitwn, and beat t/eombiutumo/ urine-— Continued- 





Dumbei. 


..ou^t 


Mltrogen. 


Heatol 




lion!' 


A...... 


p. I gram. 




m 


Hmm.. 
1,351 
887 
854 
003 


Peranl- 
L15 


Oronw. 

isi 


CalOTirt. 
























3, KM 




4L63 






„ 








i.'sss 


.87 
'.Si 


17.36 
15.37 


























0,250 




OLie 






», 








1,573 
1]W6 


L02 


5.37 

5.42 
5.04 


























6,837 




59.74 






» 








1;SS 

1,0«8 


:m 


ill 

12.20 


























4,™ 




40-81 






asa 








a; 419 

. 2.327 


.05 
.80 


■17.82 


























6,350 




00. SB 














VBTO 
1,380 


LOO 








,:S S!! 






















7.02:j 


66.04 






.. 






i;47il 


1:!! !" 


























5,524 




5iL36 














I.S37 


1 ;-i 


























S,650 




3&81 






aw 








if 


■1' 'li 

.44, 7,88 


























11,241 




37,27 














713 


1:^ i ?:" 



















3.129 




27-28 














.57 5-22 
.56 4.38 
.eo 4 58 

















Table 3. — Amountt, compotilion, and heat of combtution o/ttrint- — Continued. 





Eipcri- 




Nltrogoo. 


Hflftl ol 




Amount 


'E'- 


Amount 


pcrgriin.. 




„ 


[ ™ MS 

l-i;3a2 


Peretnl. 
La? 


Orara,. 
17.29 


aUoriei. 
























5,395 




•»<= 






.„ 








1 1,0*7 
1 1,366 

1 V306 


1.02 
;98 




























4,B55 




48.39 






., 








1 3,tt« 
2,«2 


1 


18.24 






















9,512 




72.91 






m 








1 l,G22 

ilsis 


':i'' il 


























7,098 




74.23 






» 








1 1,206 

{ I'.m 


LM j it: 81 


























6,^ 










» 








1 1,422 
1 1,422 
] 1,522 


1-12' 15.93 
1.16, 16.56 


























5,474 




63.81 i .116 




3I1S 






( 1,400 

1 ■« 


1 


14.98 
13.53 


























4,318 




54.88 






„ 








1 i,4cia 

i:427 


1:39 


II 























6,418 




66.61 






., 








1 1,646 

I 1.550 

[ l!4S0 


i;i8 


17-11 
15.50 
17.52 
17.11 


























6,060 








626 

828 
MB 

631 
632 

m 

637 








3;«» 

3,148 

3^676 
4,407 

l| 

3^465 

4:.BS 
3,896 


l!l9 

1:37 


47.80 
40.42 

37:4s 

29:^9 

B7:i3 
47.82 
42.04 
50.28 
6187 
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Table 3. — Amounts, composition, and heat of combustion of urine — Continued. 



735b... 

1 04 . a • < 

754a... 
754b... 



758. 

758a 

1 doD. ...... 





Sample number. 

* 




723a 




723b 


731 


731a 


731b 


735 


736a 




1 1 



Experi- 




Nitrogen. 


Heat of 


ment 


Amount 


Propor- 
tion. 




combustion 


number. 




Amount. 


per gram. 




QravM, 


FerctriX. 


Orams. 


Calories. 


042 


3,956 


1.41 


55.78 


0.109 


643 


5,292 


1.25 


65.15 


.092 


644 


2,805 


1.60 


44 88 


.133 


645 


3,106 


1.14 


35.41 


.093 


646 


4,617 


1.13 


52.17 


.095 


647 


3,111 


1.49 


46.35 


.134 


648 


4,217 


1.20 


50.60 


.110 


649 


4,807 


1.10 


52.88 


.085 


650 


3,586 


1.40 


50.20 


.106 


651 


4,706 


.96 


45.18 


.070 


652 


4,794 


1.17 


56.09 


.085 


653 


5,062 


1.47 


74.41 


.121 


654 


6,247 


.99 


61.84 


.078 


655 


6,021 


1.30 


78.27 


.107 



EXPEBIMENTS WITH KIDNEY BEANS. 

Eight experiments were made with kidney beans; two sets of three 
experiments each, and one of two. There were slight variations in the 
details of the different sets. 

Experiments Noh. 233-235. 

These three experiments began March 26, 1901. The subjects 
wjBre all chemists in connection with the work in this laboratory. HI. 
was 31 years old and weighed 148 pounds;" Hr. was 24 years old and 
weighed 124 pounds; S. was 19 years old and weighed 131 pounds. 
The diet consisted of a basal ration of bread, milk, butter, bananas, 
and sugar, supplemented by the beans. The quantities of the foods in 
the basal ration were uniform for all three subjects. Hr. and S. also 
ate the same quantity of beans, which was sufficient to supply 51 per 
cent of the total organic matter of the ration; but HI. ate 50 per cewt 
more beans, or enough to supply 61 per cent of the total organic 
matter. The data regarding the total amount of food eaten, the quan- 
tities of nutrients supplied, and the digestibility of the total diet and 
of the beans alone, are shown in Table 4. The amount of beans given 
in this and all other corresponding tables is the weight of uncooked 
beans. The weighed quantity of beans for each subject was cooked 
separately. 



oin all the experiments the weight is that of the subject without clothing. 
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Table 4.— Data of digestion experiments Nos. 2SS-2S5. 



Ref. 

No. 




Total 
weight. 


Total 
organic 
matter. 


Protein. 


Fat. 


Carbohy- 
drates. 


Ash. 


561 


Experiment No. 2SS, subject HI. 

Basal ration: 

Bread 


Orams. 

480 

800 

60 

1,200 

80 


Grams. 

314 

101 

53 

266 

80 


Grams. 

47 

27 

.. 1 

15 


Grams. 

4 
34 
52 

9 


Grams. 

263 

40 


Grams: 
6 


559 


MUk 


7 


560 


Butter.. 


2 


206 


Bananas 


242 
80 


9 




Sugar 






Total basal ration 












814 
1,278 


90 
381 


99 
21 


625 
876 


24 


558 


Kidney beans. 


1,500 


54 




Total ration 








2,092 
220 


471 
106 


120 
14 


1,601 
100 


78 


562 


Feces 


260 


30 




Amount digested from total ration 








1.872 
1,105 


365 

284 


106 
13 


1,401 
808 


48 




Amount digested from kidney beans 








Per cent digested from total ration 










89 
86 


77 
75 


88 
62 


93 
92 


62 




Per cent digested from kidney beans 








Experiment No. 234, subject Hr. 

Total basal ration as in experiment No. 
233 










814 
852 


90 
254 


99 
14 


625 

584 


24 


558 




1,000 


36 




Total ration 








1,666 
166 


344 
82 


113 
10 


1,209 
74 


60 


563 


Feces 


186 


20 




Amount digested from total ration 








1,500 
733 


262 
181 


103 
10 


1,135 
542 


40 




Amount digested from kidney beans 








Per cent digested from total ration 










90 
86 


76 
71 


91 
71 


94 
93 


67 




Per cent digested from kidney beans 






Experiment No. 2S6, subject S. 
Total ration as in experiment No. 234 










1,666 
134 


344 
57 


113 
16 


1,209 
61 


60 


564 


Feces 


152 


18 




• 
Amount digested from total ration 








1,532 
755 


287 
206 


97 
4 


1,148 
555 


42 




Amount digested from kidney beans . 






Per cent digested from total ration 










92 
89 


83 
81 


86 
25 


95 
95 


70 




Per cent digested from kidney beans ' 











The amounts of nutrients digested from the whole diet were com- 
puted, as previously stated, by deducting the constituents of the total 
feces from the corresponding ingredients of the total ration. To com- 
pute the digestibility of the ntitrients of the beans alone, it was as- 
sumed that the nutrients of the foods in the basal ration would be 
digested in the same proportion as has been found in previous investi- 
gation with these materials. The factors assumed for the digesti- 
bility of the nutrients of the foods other than legumes are here given. 

Table 5. — AssMmed coefficients of digestibility of nutrients in different foods. O' 



Kind of food. 


Protein. 


Fat. 


Carbohy- 
drates. 


Bread 




Per cent. 
88 
97 
98 
85 


Per cent. 
90 
95 
98 


Per cent. 
98 


Milk and butter 




98 


Pork 




BftTiftna* 


• 


90 


90 
98 


Sugar 









a Connecticut (Storrs) Sta. Rpt. 1899, p. 89. 
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The method of computation is simple. For illustration, in experi- 
ment No. 233 there were 47 grams of protein in bread, of which 88 per 
cent, or 41 grams, were assumed to be digested ; 28 grams of protein in 
the milk and butter, of which 97 per cent, or 27 grams, were digested; 
and 15 grams of protein in bananas, of which 85 per cent, or 13 grams, 
were digested. The bread, milk, butter, and bananas eaten with the 
beans therefore supplied 81 grams of digestible protein. There 
were in the total ration 365 grams of digestible protein (i. e., 471 
grams eaten, less 106 grams in the feces). Deducting from this the 81. 
grams from the food other than beans would leave 284 grams of digest- 
ible protein from the beans, which equals 75 per cent of the 381 grams 
of protein in the total quantity of beans eaten. The digestibility of 
the carbohydrates and fat of the beans alone was computed in the 
same way. 

There is an undesirable range in -the coefficients of digestibility of 
protein of the beans alone; from 71 per cent with Hr. to 81 per cent 
with S., both on the same diet. HI., who had the same basal ration as 
these two subjects but half as much more beans, digested 75 per cent 
of the bean protein. The coefficients for carbohydrates of the beans 
were fairly uniform — 92, 93, and 95 per cent for the three subjects. 

The computed coefficients for digestibility of the fat of the beans 
alone, ranging from 25 to 71 per cent, are decidedly unsatisfactory, 
and of no special significance. In the experiments with other legumes 
reported on succeeding pages similar undesirable ranges in the figures 
for fat are also found. Such results are due very largely to the small 
amount of this ingredient in the beans, under which condition a slight 
error in analyses, or in the assumed factor for digestion of fat in the 
other foods, has a relatively large effect on the computed results for 
digestion of fat of the beans alone. That the fat of beans is quite 
thoroughly digested is indicated by the results of experiments by 
Korontschewsky and Zimmerman " with bean oil (presumably made 
from soy beans), such as is used in China for culinary purposes, in 
which the subjects digested 95 to 100 per cent of the oil. In the pres- 
ent investigations it would probably be fair to assume that the coeffi- 
cient for the fat of the beans is the same as that for the fat of the 
total diet. 

Experiments Nos. 236-238. 

Experiments Nos. 236-238 began April 9, 1901. Subject B. in 
experiment No. 236 was a student 21 years old weighing 162 pounds. 
The subjects HI. in No. 237 and S. in No. 238 were the same as in two 
of the preceding series of experiments. All three subjects had the 
same amount of bread, butter, bananas, and sugar, but HI. and S. had 
milk in addition, the same amount for each. B. and HI. had the same 



«Vye8tnik Obshch. Hig. Sudeb. i Prakt. Med., 1905, May; abs. in Biochem. 
Centbl., 4 (1905), p. 292. 
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amount of beans, enough to furnish 53 to 56 per cent of the total 
organic matter. The quantity of beans eaten by S. was only two- 
thirds as large, but still enough to supply 43 per cent of the total 
organic matter. The data of the experiments are given in Table 6. 

Table 6. — Data of digestion experiments Nos. £36-238. 



Ref. 
No. 




Total 
weight. 

Orams. 

720 

140 

1,200 

160 


Total 
organic 
matter. 


Protein. 


Fat. 


Carbo- 
hydrates. 


Ash. 


561 
560 


Experiment No. 236, subject B. 

Basal ration: 

Bread 

Butter 


Orams. 
470 
123 
266 
160 


Orami. 

71 

2 

15 


Orams. 
5 
121 
9 


Orams. 
394 


Orams. 
8 
4 


206 


Bananas 


242 
160 

■ 


9 




Sugar 






Total basal ration 












1,019 
1,278 


88 
381 


135 
21 


796 
876 


21 


558 


Kidney beans 


1,500 


54 




Total ration 








2,297 
169 


469 
85 


156 
18 


1,672 
66 


75 


566 


Feces 


191 


22 




Amount digested from total ration 








2,128 
1,162 


384 
307 


138 
10 


1,606 
845 


53 




Amount digested from Icidney beans 








Per cent digested from total ration 










93 
91 


82 
81 


88 
46 


96 
96 


71 




Per cent digested from kidney beans 








Experiment No. 237, subject HI. 

Basal ration: 

Bread 






561 


720 
800 
140 
1,200 
160 


470 
101 
123 
266 
160 


71 

27 

2 

15 


5 

34 

121 

9 


394 
40 


8 


559 


Milk 


7 


560 


Butter 


4 


206 


Bananas 


242 
160 


9 




Sugar 






Total basal ration 












1,120 
1,278 


115 
381 


169 
21 


836 
876 


28 


558 


Kidney beans 


1,500 


54 




Total ration 








2,398 
221 


496 
106 


190 
14 


1,712 
101 


82 


567 


Feces 

Amount digested froTi total ration 


248 


27 






2,177 
1,114 


390 

287 


176 
16 


1,611 
811 


55 




Amount digested from kidney beans 






Per cent digested from total ration 










91 

8a 


79 
75 


93 
76 


94 
93 


67 




Per cent digested from kidney beans 








Experiment No. 238, subject S.. 

Total basal ration as in experiment No. 237 
Kidney beans 










1,120 
852 


115 
254 


169 
14 


836 
584 


28 


558 


1,000 


36 




Total ration 








1,972 
144 


369 
66 


183 
13 


1,420 
65 


64 


568 


Feces 


162 


18 




Amount digested from total ration 








1,828 
765 


303 
200 


170 
10 


1,355 
555 


46 




Amount digested from kidney beans 1 






Per cent digested from total ration 










93 
90 


82 
79 


93 

77 


95 
95 


72 




Per cent digested from kidney beans ' 











Because of the variation in the diet mentioned above, the nutri- 
tive value of the total ration was decidedly different for each subject. 
HI. had 100 grams of protein and 250 grams of carbohydrates more 
than S., and only 17 grams less fat, yet the digestibility of the total 
diet was practically identical for both, and the difference in the 
calculated results for beans alone was negligible. With HI. the 
digestion of the protein was a little less thorough than with the others, 
but the agreement in the results for the three subjects is closer than 
in the preceding series of experiments. 
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Experiments Nos. 239 and 240. 

Experiment No. 239 with the subject HI. and No. 240 with the 
subject B. began April 16, 1901. The basal ration in No. 239 
included bread, milk, butter, bananas, and sugar. In No. 240 the 
milk was omitted and the quantities of bread, butter, and sugar were 
much smaller than those in experiment No. 239. The quantity of 
beans in the latter case was one-third larger than in the former. The 
data of these two experiments are given in Table 7. 

Table 7. — Data of digestion experiments Nos. 2S9 and 240. 



Ref. 
No. 




Total 
weight. 

Orams. 
800 
800 
140 

1,200 
160 

1,200 


Total 

; organic 

matter. 

1 
Orams. 
523 
101 
123 
266 
160 
1,022 


Protein. 

Orams. 

79 

27 

2 

15 


Fat. 


Carbo- 
hydrates. 


Ash. 


561 


Experiment No. 239, subject HI. 

Basal ration: 

Bread 


Orams. 

6 

34 

121 

9 


Orams. 

438 

40 


Orams. 
9 


550 


Milk '. 


7 


560 


Butter 


4 


206 


Bananas 

Suerar 


242 
160 
700 


9 


558 


Kidney beans 


305 


17 


43 




Total ration 








2,195 
202 


428 
96 


187 
14 


1,580 
92 


72 


671 


Feces 

Amount digested from total ration ' 


234 


32 






1,993 
. 879 


332 
222 


173 
12 


1,488 
645 


40 




Amount digested from kidney beans 








Per cent dieested from total ration 










91 

86 


78 
73 


92 
71 


94 
92 


56 




Per cent digested from kidney beans . . : . . 








Experiment No. 2j^0, subject B. 

Basal ration: 

Bread 

Butter 

Bananas 

SnP'fl.r 






561 
560 


480 

60 

1,200 

80 

1,600 


314 
53 

266 

80 

1,363 


47 

1 

15 


4 

52 

9 


263 


6 
2 


206 


242 

80 

934 


9 


558 1 Kidney beans 


406 


23 


57 


Totjil nition 

570 1 Feces 


223' 


2,076 
195 


468 
102 


88 
16 


1,519 

77 


74 
28 


t 

i Amount digested from total ration 

1 Amount digested from kidney beans 




1,881 
1,210 


366 
311 


72 
11 


1,442 
888 


46 




Per cent digested from total ration 




91 

89 


78 
77 


82 
48 


95 
95 


62 




Per cent digested from kidney beans 















The diet with the larger (juantity of beans was somewhat the more 
thoroughly digested. The results in this case agree fairly well with 
the most favorable of those obtained in the preceding experiments. 

The final results of the eight experiments with red kidney beans, 
including both the coefficients for the total ration derived frorn the 
experimental data actually obtained, and those for the beans alone 
calculated in the manner previously described, are here summarized. 



Table 8. — Swmimiry of reiuIU of digettion experimentt icith red kidrt^ bearu. 





Subject. 




For total diet. 


For beans alone. 


\T 


■i£" 


ot^nlc 
matter. 


Pro- 




Car- 


SJ^'! 


Pro- 


r«t. 


B. 






I.SfiD 
1.000 
1,000 

lis 


90 

B3 
91 
93 


7a 

7S 


S8' 
B6 


9:1' 
94 


£8 


1 
1 
S 

77 


"b2 

78 
48 
















































^ 






Bl 


7B 






sa 


" 


flO 

















The carbohydrates of the beans were quite thoroughly digested, 
the average coefficient for the eight experiments being 94 per cent. 
It is noteworthy, too, that this figure is the mean between the mini- 
mum, 92 per cent, and the maximum, 96 per cent, showing a fairly 
close agreement for all the subjects in respect to digestibility of this 
nutrient. The figures for fat, as already explained, have no signifi- 
cance. The coefficients for protein are, on the whole, quite satis- 
factory, though in one or two cases the variation ia wider than is 
desirable. The average for the eight experiments ia 77 per cent; but 
if experiment No. 234 with Hr. and No. 239 with HI. are omitted, the 
average of the remaining six experiments would be 78 per cent, which 
is a mean between the maximum and the minimum of the results. 
Of these six experiments two were with S., in each of which he ate 
1,000 grams (2.2 pounds) of the beans, and digested on the average 
80 percent of their protein. HI. ate in each of two experiments 1,500 
grams (3.3 pounds) of the beans, and digested 75 per cent of the pro- 
tein. The lower figure with the latter subject can hardly be ascribed 
to the increase in the quantity of beans, because in the two experi- 
ments with B., in one of which he ate 1,500 grams (3.3 pounds) and 
in the other 1,600 grams (over 3.5 pounds) of the beans, the average 
digestibility of the protein was 79 per cent. In the four experiments 
with B. and S. the coefficients of digestibility of the protein of the 
beans averaged 80 per cent. 

Tlie average digestibility of the protein of the total ration was but 
little higher than that for the beans alone. This is due to the fact 
that 70 to 80 per cent or more of the protein was furnished by beans, 
and considerable of the remainder was also vegetable protein, 
29590— No. 187—07 4 
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EXPEBIMENTS WITH WHITE BEANS. 

Six experiments, two with each of three subjects, were made with 
white beans. In each case the basal ration was larger and the 
quantity of beans smaller in the second experiment than in the fillt. 
The subjects were college students, B., 22 years of age, weighing 148 
pounds; H., 19 years of age, weighing 136 pounds, and K., 28 years Of 
age, weighing 151 pounds. 

Experiments Nos. 334-336. 

The first three experiments began simultaneously on November 12, 
1901. The basal ration of bread, butter, bananas, and sugar wAs 
uniform for each subject. To this was added white beans, with a 
little pork to flavor them, a weighed quantity of pork being cooked 
with the beans in each case. Subjects B. and K. ate the same amouiit 
of beans, but H. ate 16 per cent more than they did. The beanA 
supplied 64 to 68 per cent of the total organic matter of the ration. 

Experiments Nos. 337-339. 

These experiments began November 16, 1901, without intermission 
from those preceding. Lampblack was taken before the first break- 
fast of the present experiments to mark the separation of the feces. 
In these experiments the basal ration was again uniform for each 
subject, but the quantity of each constituent was materially increased, 
except that of bananas, which was the same as before. The amount 
of beans eaten was reduced 20 per cent below that in the previous 
experiments, so that they supplied 38 per cent of the total organic 
matter in the experiments with B. and K. and 44 per cent with H. 
The data of the six experiments follow : 

Table 9. — Data of digestion experiments Nos. 334-339. 



Ref. 

No. 


1 


Total 
weight. 

Grams. 

480 

40 

1,000 

80 


Total 
organic 
matter. 


Protein 
(NX 6.25). 


Fat. 

Grams. 
5 
33 

7 


Carbo- 
hy- 
drates. 

Grams. 
261 

' '26i' 
80 


1 
Ash. 


Energy. 


hir-t 


Smaller Basal Ration; Larger 
Quantity of Beans. 

Experiment No. 33.{, subject B. 

Basal ration: 

Bread 


Grams. 
317 

33 
221 

80 


Grams. 
51 


Grams. 
6 
2 

........ 


Calories. 
1,445 


570 


Butter 


287 


206 


Bananas .' 

Sugar 


13 


898 
317 










r)73 


Total basal ration 




651 

59 

1.271 


64 


45 
59 
24 


542 
""'973" 


15 

3 

60 


2,947 
549 


Pork 

White beans 


71 
1,')00 


274 


5,828 




Total ration 






1,981 
169 


338 
81 


128 
19 


1,515 
68 


78 
25 


9,324 
961 
362 


577 
580 


Feces 

Urine 


194 
4,643 




Amount digested from total ration 
Amount digested from white beans 

Percent digested from total ration 
Per cent digested from white beans 












1.812 
1,145 


257 
201 


109 
12 


1,447 
932 


53 


8,001 












91 
90 

i 


76 
73 


85 
50 


96 
96 


68 


86 
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Table 9. — Data of digestion experiments Nos. 334-339 — Continued. 



Bef. 
No. 




Total 
weight. 


Total 
organic 
matter. 


Protein 
(NX6A5). 


Fat. 


Carbo- 
hy- 
drates. 


Ash. 


Energy. 




Smaller Basal Ration; Larger 
Quantity of Beans— Cont'd^ 

Experiment No. SS6, subject H. 

Total basal ration as in experi- 
ment No. 334 


Orams. 


Grams. 
651 
51 
1,484 


Qrams. 
64 


Qrams. 
45 
51 
29 

- 


Orams. 
542 

'i.ise' 


Qrams. 
15 
2 
70 


Calories. 
2,947 
474 




Pork 


61 
1,750 


573 


White beans 


319 


6,799 




Total ration 








2,186 
183 


383 

77 


125 
18 


1,678 
88 


87 
23 


10,220 


578 


Feces 


206 
3,463 


1.009 


580a 


Urine 


329 




Amount digested from total ration 
Amount digested from white beans 

Per cent digested from total ration 
Per cent digested from white beans 

Experiment No. SS6, subject K. 

Total basal ration as in experi- 
ment No. 334 


















2,003 
1,335 


306 
250 


107 
10 


1,590 
1.075 


64 


8,882 




1 






92 
90 


80 

78 


86 
34 


95 
95 


74 


87 












651 

55 

1,271 


64 


45 

55. 

24 


542 
" "973' 


15 

2 

60 


2,947 




Pork 


66 
1,500 


512 


573 


White beans 


274 


5,828 




Total ration 








1,977 
158 


338 
67 


124 
16 


1,515 
75 


77 
23 


9,287 


579 


Feces 


181 
3,794 


879 


580b 


Urine 


387 




Amount digested from total ration 
Amount digested from white beans 

Percent digested from total ration 
Per cent digested from white beans 

Larger Basal Ration; Smaller 
Quantity of Beans. 

Experiment No. 337, subject B. 

Basal ration: 

Bread 


















1,819 
1.151 


271 
215 


108 
11 


1,440 
925 


54 


8,021 












92 
90 


80 

78 


87 
39 


95 
95 


70 


86 






575 


1,680 
120 

1,000 
160 


1,112 

98 

221 

160 


180 

1 

13 


18 
97 

7 


914 

""'261' 
160 


20 
6 

7 


5,058 


576 


Butter 


862 


206 


Bananas 


898 




Sugar 


633 




Total basal ration 












1,591 

38 

509 

509 


194 


122 

38 

10 

9 


1,275 

""389* 
361 


33 

2 

24 

24 


7,451 




Pork 


46 
600 
600 


353 


573 


White beans : 


110 
139 


2,331 


574 


Do 


2,376 




Total ration 








2,647 
144 


443 

77 


179 
16 


2,025 
51 


83 
30 


12,511 


581 


Feces 


174 
6,236 


857 


584 


Urine 

Amount digested from total ration 
Amount digested from white beans 

Percent digested from total ration. 
Per cent digested from white beans. 

Experiment No. SS8, subject H. 

Total basal ration as in experi- 
ment No. 337 


418 




















2,503 
951 


366 
196 


163 
11 


1,974 
744 


53 


11,236 












95 
93 


83 
78 


91 
53 


97 
99 


64 


90 




















1,591 

38 

593 

594 


194 


122 
38. 
11 
11 


1,275 

""454* 
421 


33 

2 

28 

28 


7,451 




Pork 

White beans 


46 
700 
700 


353 


573 


128 
162 


2,720 


574 


Do 

Total ration 


2,772 






2,816 
180 


484 
83 


182 
21 


2,150 
76 


91 
32 


13,296 


582 
584a 


Feces 

Urine 

Amount digested from total ration 
Amount digested from white beans 

Per cent digested from total ration. 
Per cent digested from white beans 


212 
4,736 


1,047 
455 




















2,636 
1,081 


401 
231 


161 
9 


2,074 
841 


59 


11,794 












94 
91 


83 
80 


88 
41 


96 
96 


65 


89 
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Table 9. — Data of digestion experiments Nos. 334-S39 — Continued. 



Ref. 

No. 




Total 
weight. 


Total 
organic 
matter 


Protein 
(NXO.25). 


Fat. 


Carbo- 
hy- 
drates. 


Ash. 


Energy. 




Larger Bas\l Ration; Smaller 
Quantity of Beans— Cont'd. 

Experiment No. SS9, subject K. 

Total basal ration as in experi- 
ment No. 337 


Orams. 


. 

Orams. 

1,591 

47 

509 

509 


Grams. 
194 


Orams. 

\22 

47 

10 

9 


Orams. 
1,275 

" "389' 
361 


Orams. 
33 
2 

24 
24 


Calories. 
7,451 




Pork 


57 
600 
600 


637 


573 


White beans 


110 
139 


2,331 


574 


Do 


2,376 




Total ration 








2,656 
144 


443 
71 


188 
19 


2,025 
54 


83 
30 


12,595 


583 


Feces 


174 
4,346 


845 


.5H4b 


Urine 


435 




Amount digested from total ration 
Amount digested from white beans 

Percent digested from total ration. 
Percent digested from white beans. 








1 








2,512 

' 957 


372 
202 


169 
17 


1,971 
738 


53 


11,315 












95 
94 


84 
81 


90 
90 


97 
97 


64 


90 

















In the first three of the above experiments the results for H. and 
K. were identical, the coefficients of digestibility of the beans being 
for protein 78 per cent and for carbohydrates 95 per cent, though 
the former ate a larger quantity of the beans than the latter. B., 
who ate the same amount of beans as K., digested 96 per cent of the 
carbohydrates, but only 73 per cent of the protein. In the second 
three experiments B. again digested slightly more of the carbohy- 
drates than H. or K., and a little less of the protein, but the difference 
in the latter case was smaller than before. The coefficients in these 
experiments ranged from 78 to 81 per cent for protein, and from 
96 to 99 per cent for carbohydrates. Each one of the subjects 
digested the nutrients of the beans more thoroughly from the second 
ration than from the first. This was doubtless due in part to the 
reduction in the quantity of beans eaten, and in part to the further 
decrease in the proportion of the total diet comprised by beans 
resulting from the increase in the other constituents of the ration. 

In the average of the results for all six experiments, the coefficient 
for protein of the beans is 78 per cent and that for carbohydrates 
96 per cent. The results of the separate experiments agree quite 
well with each other and with the average in the case of the carbo- 
hydrates; and in the case of the protein three of the figures are 
identical with the average, and two are a little above it, but one is 
noticeably below it. If the results of only the last three of the 
experiments are considered, in which, as explained above, the pro- 
portion of beans to other foods in the ration was more nearly like 
that in ordinary diet, the average digestibility of the beans would 
be for protein 80 per cent and for carbohydrates 97 per cent. These 
figures seem more reasonable than the former. 

In the experiment by Prausnitz, previously mentioned (p. 11), 
with beans cooked in water, only 60 per cent of the protein was 
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digested, but the beans were eaten alone rather than in combina- 
tion with other food materials. It has been frequently found in 
experiments with various foods that digestion is more complete when 
two or more are combined in the diet than when one is eaten alone, 
which may account for the lower coefficient for protein in his case. 
Snyder's experiments, to which reference has also been made (p. 12.), 
were in this respect more comparable with these here reported; but 
in those the beans were baked, whereas here they were boiled. It 
is interesting to note that in the average of three experiments his 
computed results for the beans alone, total organic matter 91 per 
cent, protein 80 per cent, fat 80 per cent, and carbohydrates 96 per 
cent, are almost identical with the average of the last three experi- 
ments above. 

In preparing his beans Snyder removed the skins to render the 
conditions more favorable to thorough digestion. The fact that 
the above experiments, in which the beans were eaten with the 
skins, agree with his does not necessarily imply that such was not 
the case, because the beans were cooked differently in the two inves- 
tigations. The effect of different methods of cooking on the diges- 
tion of beans is not known. 

In investigations " with wheat it has been found that flour con- 
taining the bran with its large proportion of crude fiber is less diges- 
tible than flour without bran. Snyder found by analysis that the 
skin contained 40 per cent of the total crude fiber of the beans, and 
only about 3 per cent of the total protein; and in artificial digestion 
experiments he found the beans without the skin much more thor- 
oughly digested than those with it. Snyder also points out that 
when the skin is removed part of the germ ordinarily is removed 
with it, and as fermentation takes place most readily in the nitrog- 
enous material of the skin and the germ, to remove the latter should 
tend to decrease the production of gas in the intestines, but neither 
of these points was directly studied in comparative experiments with 
men. 

In the previously mentioned digestion experiments by Woods and 
Merrill (see p. 13) with Maine lumbermen, the diet contained large 
proportions of white beans, but it was so widely varied that the 
estimate of the digestion of the beans alone is somewhat uncertain. 
Such figures as can be computed suggest that the beans were about 
as thoroughly digested as in the average of the six experiments above 
summarized. 

In the experiments by Rubner, Malf atti, and Richter, with boiled 
split peas (see p. 10), even though in all three cases the peas formed 
the total diet, the results obtained were as high as those here 
reported with beans. In Snyder's experiments with peas eaten in a 
simple mixed diet (see p. 12) the digestibility of the peas was no 
larger than in these three cases mentioned. 

oU. S. Dept. Agr., Office of Experiment Stations Bui. 166. 
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* EXPERIMENTS WITH COWPEAS. 

A kind of legume known as the cowpea, which is the "field pea" of 
the South, but which is in reality not a pea but a bean, has been 
grown in the Southern States for upward of one hundred and fifty 
years, the seed having been introduced from India or China. It is not 
much known in the Northern States, as it will not properly mature 
there, though it is grown to some extent as a fodder for cattle, from 
seeds brought from the South. In the Southern States the plant is 
grown largely as a green manure, but it is used also as a forage plant 
for animals, and the seeds are used as food for man. Considerable 
quantities of the cowpea are consumed during the season in dif- 
ferent stages of maturity. The young tender pods are prized as 
''snap beans.'^ The immature seeds are gathered when the pods 
begin to change color and before they become dry, and are com- 
monly simply cooked in water. The ripe dried seeds preserved for 
winter use are sometimes boiled, with or without pork, or baked, or 
made into soup, or prepared in numerous other ways. A recently 
published bulletin of the Tuskegee Experiment Station" gives many 
recipes for preparing cowpeas which have been tested. There are 
several varieties of cowpeas — ''red'' and "black'' peas, the round 
"lady" peas, the large "black-eye" and "purple-eye," the variously 
mottled and speckled " whippoorwill " peas, and many others. 

So far as can be learned, no investigations have hitherto been made 
regarding the digestibility and nutritive value of cowpeas. In con- 
nection with the present investigations of legumes, therefore, the 
author conducted the following fifty-eight experiments with this 
object in view, the experiments being made with lady, clay, and 
whippoorwill peas. 

EXPERIMENTS WITH WHIPPOORWILL PEAS. 

The following eighteen experiments were made in the study of the 
digestibility of whippoorwill peas. Of this number twelve included 
the cowpeas in the diet, while the other six were to determine the 
digestibility of the basal ration without the legumes, as part of the 
method of procedure described on pages 33-35. 

Experiments Nos. 340-345. 

These six experiments were made with the same subjects and in 
the same manner as the six experiments with white beans preceding. 
The first three experiments, Nos. 340-342, began December 4, 1901. 
The basal ration was uniform for all three subjects, and B. and K. 
each had the same amount of cowpeas, enough to furnish 66 per cent 
of the total organic matter of the ration, but the amount eaten by 

o Alabama (Tuskegee) Sta. Bui. 5. 
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H. supplied 71 per cent. The next three experiments, Nos. 343-345, 
began December 8, following the others without intermission, lamp- 
black to mark the separation of feces being taken before the first 
breakfast of these experiments. In these the amount of cowpeas 
was reduced 20 per cent by B. and K. and nearly 16 per cent by H. 
The basal ration was increased uniformly for all three subjects. The 
data of these two series of experiments are given in Table 10. 

Table 10. — Data of digestion experiments Nos. S40S45, 



Ref. 
No. 




Total 
weight. 


Total 
organic 
matter. 


Protein 
(NX 6.25). 


Fat. 


Carbo- 
hy- 
drates. 


Ash. 


Energy. 


586 


Smaller Basat. Ration; Laboeb 
Quantity of Legumes. 

Experiment No. 840, subject B. 

Basal ration: 

Bread 


Orams. 

480 

40 

1,000 

80 


Orams. 
316 

34 
221 

80 


Orams. 
53 


Orams. 
4 
34 

7 


Orams. 
259 

""26i' 
80 


Orams. 
5 

1 
7 


Calories. 
1,436 


587 


Butter 


316 


206 


Bananas 


13 


898 




Sugar 


317 














Total basal ration 




651 

1,320 

26 


66 
345 


45 
20 
26 


540 
955 




13 

59 

1 


2,967 


585 


Whippoorwill peas 


1,500 
31 


6,107 




Pork 


242 


• 

588 
591 


Total ration 








1,997 
288 


411 
118 


91 
16 


1,495 
154 


73 
29 


9,316 


Feces 


317 
5,464 


1,561 
366 


Urine 




Amount digested from total ration 
Amount digested from whippoor- 
will "pesis 


f 















1,709 
1,069 


293 
235 


75 
6 


1,341 
828 


44 


7,399 




Per cent digested from total ra- 
tion 


••■>•>•> 








• 


86 
80 


71 
68 


82 
30 


90 

87 


60 


79 




Per cent digested from whippoor- 
will peas 








Experiment No. S4t, subject H. 

Basal ration as in experiment No. 
340 












651 

1,672 

32 


66 
437 


45 
26 
32 


540 
1,209 


13 
75 

1 


2,967 
7,735 

298 


585 


Whippoorwill peas 


1,900 
39 




Pork 




Total ration 










2,356 
358 


503 
146 


103 
20 


1,«749 
192 


89 
34 


11,000 


589 


Feces 


392 
5,042 


1,933 
429 


591a 


Urine 




Amount digested from total ration 
Amount digested from whippoor- 
will peas 
















1,997 
1,353 


357 
299 


83 
10 


1,557 
1,044 


55 


8,638 




Per cent digested from total ra- 
tion 












85 
81 


71 
68 


81 
40 


89 
86 


62 


79 




Per cent digested from whippoor- 
will peas 








Experiment No. S4S, subject K. 

Basal ration as in experiment No. 
340 












651 

1,320 

31 


66 
345 


45 
20 
31 


540 
955 




13 
59 

1 


2,967 


585 


Whippoorwill peas 


1,500 
37 


6,107 




Pork.!^. ......:: :.:.::: 


288 




Total ration 








' 


2,002 
286 


411 
107 


96 
13 


1,495 
166 


73 
28 


9,362 


590 


Feces 


314 
4,627 


1,517 


591b 


Urine 


333 




Amount digested from total ration 
Amount digested from whippoor- 
will peas 


i 


1 






1,716 
1,072 


304 
246 


83 
10 


1,329 
816 


45 


7,512 




Percent digested from total ration 
Per cent digested from whippoor- 
will peas 












86 
81 


74 
71 


86 
50- 


89 
85 


62 


80 










__._.. 



Table 10.— Dala of digestion tipenmentg Not. S40-S45 — Continued. 



Rd. 




we^gW 


Total 


(NX6£6) 


„.. 


r£. 


AS. 


Energy. 




LaboebBasalRition: Smalleb 

QOANTIII OF LRQUBEB. 

ExpeTitaeia No. 3(3, tubjett B. 
Baul ration: 


'120 


1,104' 
103 


\ 


°T 


"W6 

leo 


3 


Cblories. 


































l,S8S 
1,056 


IM 


122 


1,267 


29 
47 








''^ 






















2,810 
242 


476 


173 


2,031 


78 








7,?K 


"'411 








Amount dlgeated (romtotal ration 
Amauat digested from wblppooT- 
















2,437 
880 


IBS 


157 


l,S07 


. 


10,981 




Per cent digested from total ra- 










81 


72 


m 


90 


S7 






''i;i?f?if,"^^^'™'"'"'^"- 


















1.583 


36S 


122 


liois 


1 








' « 






















'281 


m 


'13 


'■h6 


il 








^Z 












Amount digested trom total ration 


















1,M2 


730 


168 
IS 


913 


" 


12,425 




Per ee.it digested from total ra- 










SI 


78 


1« 
37 


94 


» 


87 




Percent digested from whippoor- 








Fiperiment Ho. SiS, tvbjin K. 
Basal latlon as In experiment No. 




2 








1,588 


199 
276 








1,»0 
























2.m 

234 


107 


'i«! ^'m 


25 








25B 












Amount digested Irora total ration 
Amount digested Ironi whlppoor- 














2,»« 


308 

m 


i» 


1,920 


10,858 




Per cent digested trom total ra- 












I 




7= 


05 


. 


85 




Percent dlgtstoil from whippoor- 








pea 









These three subjects digested the cowpeas somewhat less thoroughly 
than they did the white beans, the average of the coefficients in the 
six experiments above being for protein 70 per cent and for carbo- 
hydrates 88 per cent, as compared with 78 and 96 per cent, respec- 
tively, for the beans. Here also, as in the experiments with beans, 
the digestibility of the compounds was somewhat increased by the 
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reduction of the quantity of legumes and the increase of the othet 
constituents of the ration. 



Experiments Nos. 626-631. 

In these experiments and all that follow, the method of estimating 
the digestibility of the nutrients of the legimies alone was modified a 
little from that explained, on page 22. Instead of computing the 
quantities of digestible nutrients contained in the basal ration by use 
of factors for the several food materials, the digestibility of the total 
nutrients of the basal ration alone was ascertained by actual experi- 
ment, and the results thus obtained employed as factors in the suc- 
ceeding experiments with the basal ration and the legumes, after the 
method followed by Bryant and Milner ** in experiments with vege- 
tables. The changes are explained in the following paragraphs. 

Experiments Nos. 626-628, which began on February 13, 1903, 
and continued four days, were with the same subjects, B., H., and K., 
as in the preceding series. The diet, designated the basal ration, 
which was uniform for each subject, included bread, milk, butter, 
pork, bananas, and sugar. The digestibility of this ration was deter- 
mined in the usual manner. 

With no intermission, experiments Nos. 629-631 began on Feb- 
ruary 17 and continued four days. The diet in these consisted of a 
basal ration supplemented by whippoorwill peas. The basal ration 
was composed of the same materials as in the preceding experiments, 
but the quantity of each was reduced 35 per cent. The quantity of 
whippoorwill peas added was sufficient to restore most of the 
energy and much more than the protein removed in the reduction of 
the basal ration. The total ration was the same for each subject. 

The data of these experiments are given in Table 11. 

Table 11.— Data of digestion experiments Nos. 626-631. 



Ref. 

No. 



667 
668 
669 
670 
206 



671 

674 



Basal Ration Alone. 
Experiment No. 626, subject B. 



Basal ration: 

Bread 

Milk 

Butter. . . 

Pork 

Bananas . 
Sugar 



Total 
weight. 



Total 
oiganic 
matter. 



Orams. Orams. 
1,800 : 1,233 



Feces. 
Urine. 



Total ration. 



Amount digested . 
Per cent digested . 



4,000 
200 
120 

1,400 
200 



91 
3,714 



539 
181 
115 
310 
200 



2,578 

77 



2,501 



97 



Pro- 
tein. 



Fat. 



Orams. 

172 

125 

3 

6 

18 



324 
34 



290 



89 



Orams. 

16 
212 
178 
109 

10 



525 
17 



506 



Carbohy-i . , 
drates. ^^'^• 



Energy. 



Orams. 


Orams. 


1,045 


17 


202 


28 




6 

3 

10 




282 


200 





Calories. 
5,538 
3,356 
1,612 
1,030 
1,257 
792 



1,729 
26 



1,703 



97 



96 



64 
14 



50 



13,585 
491 
368 



12,726 



78 



94 



aAmer. Jour. Physiol., 10 (1903), p. 81. 
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Table 11. — Data of digestion experiments Nos. 626-6S1 — Continued. 



Ref. 

No. 




Total 
weight. 


Total 
organic 
matter. 


Pro- 
tein. 


Fat. 


Carbohy- 
drates. 


Ash. 


Energy. 


672 
674a 


Basal Ration \i.one— Cont'd. 

Experiment No. 627, subject H. 

Total ration as in experiment No. 
626 


Orams. 


Orams. 
2,578 
88 


Orams. 
324 
33 


Orams. 
525 
28 




Orams. 

1,729 

27 


Orams. 
64 
17 


Calnries. 

13,585 

595 


Feces 


105 
3,208 


Urine 


379 


Amount disested 
















2,490 


291 


497 


1,702 


«7 


12,611 


Per cent diirested 








97 


90 


95 


98 


73 


93 










Experiment No. 628, subject K. 

Total ration as in experiment No. 
626 




2,578 
70 


324 
27 


525 
21 


1,729 
22 


64 
13 


13,585 
467 


673 


Feceu 


83 
3,148 


674b 


Urine 


453 




Amount di&rested 

















2,508 


297 


504 


1,707 


51 


12,669 




Per cent digested 








97 


92 


96 


09 


80 


93 




Basal Ration Reduced and Le- 
gumes Added. 

Experiment No. 629, subject B. 

Basal ration: 

Bread 






i 

667 


1,170 

2,600 

130 

78 

910 

130 


802 
351 
118 
76 
201 
130 


112 

81 

2 

4 

11 


11 
138 
116 

71 

7 


679 
132 


11 

18 

4 

2 

7 


3,600 

2,182 

1,048 

670 


668 


Milk 


669 


Butter 


670 


Pork.. 


206 


Bfl-naTTa-*) 


183 
130 


817 




Suear 


515 




Total basal ration 












1,677 
919 


210 
219 


343 
16 


1,124 

684 


42 
39 


8,832 
4,299 


666 


Whippoorwill pe&s 


1,100 




Total ration 






2,596 
217 


429 
94 


359 
11 


i,8oa 

112 


81 
29 


13, 131 

1,213 

419 


675 


Feces 


246 
4,115 


678 


Urine 




Amount digested from total ration 
Amount digested from whippoor- 
will peas 


















2,379 

757 


335 
148 


348 
15 


1,696 
594 


52 
19 


11,502 




Per cent digested from total ration 
Per cent digested from whippoor- 










92 

82 


78 
67 


97 
94 


94 
85 


64 
49 


88 
75 




Experiment No. G30, subject H. 

Total ration as in experiment No. 
629 










2,596 
196 


429 

84 


359 
17 


1,808 
95 


81 
27 


13 131 


676 


Feces 


223 
3,676 


1 114 


678fl, 


Urine 


408 




Amount digested from total ration 
Amount digested from whippoor- 
will peas 




1 ■ 











2,400 
783 


345 
156 


342 
16 


1,713 
611 


54 
23 


11,609 




Per cent digested from total ration 
Per cent digested from whippoor- 
will peas 










92 
85 


80 
71 


95 
100 


95 

89 


67 
59 


92 
79 




Experiment No. GSl, subject K. 

Total ration as in experiment No. 
629 










2,596 
185 


429 
74 


359 
19 


1,808 
92 


81 
26 


13 131 


677 


Feces 


"2ii" 

4,497 


1,044 
477 


678b 


Urine 




Amount digested from total ration 
Amount digested from whippoor- 
will peas 
















2,411 
776 


355 
162 


340 
11 


1,716 
603 


55 
21 


11,610 




Per cent digested from total ration 
Per cent digested from whippoor- 
will peas 











93 
84 


83 
74 


95 
70 


95 

88 


68 
54 


88 
79 




1 
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The calculation of the coefficients of digestibility of the nutrients 
of legumes alone is simply this: In experiment No. 629, the basal 
ration supplied 210 grams of protein. According to the results 
obtained in No. 626, 89 per cent of this, or 187 grams, would be 
digested. Deducting this from the 335 grams of protein digested 
from the total ration would leave 148 grams of digestible protein 
from whippoorwill peas, which is 67 per cent of the total protein of 
the peas eaten. 

The above computation is based on the assumption that the basal 
ration will not alter in digestibility when part of it is replaced by the 
legumes. Perhaps this involves some error. It is not altogether 
impossible that the coefficients for the basal ration should be slightly 
reduced when the legumes are added, though on the other hand the 
reduction in the quantity of the basal ration may offset this effect 
of the addition of the legumes; but the method seems the best that 
has yet been proposed. If the factors assumed for the reduced basal 
ration are somewhat too large, this would mean that the computed 
results for the legumes alone are slightly smaller than they should 
be; in other words, they are within rather than beyond the truth. 
It. is believed that they are close approximations to the actual values 
under the conditions of the experiments. 

The digestibility of the total ration in the above experiments with 
whippoorwill peas was slightly better than in the preceding series, 
doubtless because the quantity of legumes was somewhat smaller, 
and the basal ration was larger and more varied. The average of 
the computed results for the whippoorwill peas themselves is for 
protein 71 per cent and for fat 87 per cent, practically identical with 
that in experiments Nos. 343-345 with the same subjects. If com- 
puted by the use of assumed coefficients for the separate items of the 
basal ration, the results for legumes alone would be, for protem 69 
per cent and for carbohydrates 90 per cent. 

Experiments Nos. 644-649. 

This series of experiments was like the one described above. The 
subjects were three college students — Fa., 23 years old, weighing 151 
pounds; Fx., 25 years old, weighing 143 pounds; and Ky., 26 years 
old, weighing 188 pounds. The experiments with the basal ration, 
which was exactly the same as in the corresponding experiments of 
the previous series, began January 13, 1904. In the experiments 
with legumes, which began January 17, the basal ration was reduced ^ 
40 per cent, and enough whippoorwill peas were added to supply 45 
per cent of the total organic matter of the diet. The data of these 
experiments follow. 
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Tabljb 12. — Data of digestion experiments Nos. 644-649. 



-Bef. 
No. 


* 


Total 
weight. 


Total 
organic 
matter. 


Pro- 
tein. 


Fat. 

Qrams. 

15 

211 

166 

, 101 

, 10 

■i 


Carbohy- 
drates. 


Ash. 

Qrams. 

15 

25 

3 

4 

10 


Energy. 


725 


Basal Ration Alone. 
Experiment No. 6U, subject Fa. 

* 

Basal ration: 

Bread 


Qrams. 

1,800 

4,000 

200 

120 

1,400 

200 


Qrams. 
1,218 
549 
169 
106 
310 
200 


Qrams. 

173 

128 

. 3 

5 

18 


Qrams. 

1,030 

210 


Calories. 
5,445 


726 


Milk 


3,488 


'727 


- Butter 

Pork 


1,534 


• 716 




971 


206 


BftiiAiiAa 


282 
200 


1,257 
792 




Sufirar 




Total ration 








2,552 

77 


327 
28 


503 
23 


1,722 
26 


57 
18 


13,487 
510 


728 


Feces . . .- 


96 
2,805 


731' 


Urine............ 


373 




Amount digested 


















2,476 


299 


480 


1,696 


39 


12,604 




Per cent digested 










97 


91 


96 


98 


68 


93 




Experiment JVo. 645, subject Fx. 

Total ration as in experiment No. 
644 - 










2,562 
90 


327 
36 


503 
20 


1,722 
34 


57 
21 


13,487 
590 


729 


Fectfs..'.. . , 


111 
3|106 


731a 


Urine 


289 




Amount disrested. . .- 


/ 




... 












2,462 


291 


-483 


1,688 


36 


12,608 




Per cent dieested * .• 










94 


89 


96 


98 


63 


93 




Experiment No. 646, subject Ky. 

* 
Total ration as in experiment No. 
644 ... :.. 








• 


2,552 
71 


327 
20 


503 
21 


1,722 
30 


57 
15 


13,487 
512 


730 


Feces 


86 
4,617 


731 h 


Urine 

Amount disrested 


439 




















2,4$1 


307 


482 

1 


1,692 


42 


12,536 




Per cent digested 










97 


■ 94 


.96 


98 


74 


93 




Basal Ration Reduced and 
Legumes Added. 

Experiment No. 647, subject "Fa. 

Basal ration: 

Bread 






725 


1,080 

2,400 

120 

72 

840 

120 


731 
329 
101 
64 
186 
120 


104 

77 

2 

3 

11 


9 

126 

99 

01 

6 


618 
126 


9 
15 
2 
3 
6 


3,267 
2,093 


726 


Milk 


727 


Butter -. 


920 


715 
206 


Pork 




582 


Bananas 


169 
120 


754 


Sugar 


475 




Total basal ration. 








' 


1,531 
1,230 

2,761 
276 


197 
300 


301 
24 


1,033 
906 


35 
53 


8,091 


724 


Whippoorwill peas 


1,400 


5,656 




Total ration 








497 
103 


' 325 
21 


1,939 
152 


88 
39 


13, 757 


732 


Feces 


315 
3,111 


1,508 


735 


Urine 


417 




Amount digested from total ration 
Amount digested from-whippoor- 














2,485 
1,008 


394 
215 


304 
18 


1,787 
775 


49 
25 


11,822 




Per cent digested from total ration 
Per cent digested from whippoor- 
will peas 










90 

82 


79 
72 


93 
75 


92 
86 


56 
47 


86 
75 
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Table 12. — Data of digestion experiments Nos. 644-649 — Continued. 



Ref. 
No. 




Total 
weight. 


Total 
organic 
matter. 


Pro- 
tein. 

Grams. 
497 
109 


Fat. 


Carbohy- 
drates. 


Asb. 


Energy. 




Basal Ration Reduced atujL • 
Legumes Added— Cjont'd. I 

i 
' Experiment No. 648, su i^at Fx. \ 

Total ration as in experiment No. , 
647 ; 


Orams. 


Orams. 
2,761 
255 


Orams. 
325 
16 


Orams. 

1,939 

130 


Orams. 
88 
34 


Calories, 
13J47 


733 


Feces ' 


289 
4,217 


1,398 


735a 


Urine ! : 


464 

















1 1 

Amount digested from total ratio« 

Amount digested from l^rhippoor-' 

will peas j '. 




2,506 
1,030 


388 
213 


309 
20 


1,809 
797 


54 
31 


11,885 




1 


*"*■'' 


* 


Percent digested from t^tal. ration 


r" ■ 


91 


. .78 
71 


95 
83 


93 
88 


61 
59 


86 




Per cent digested from Whippoor-I 
will i)eas ....' :T 


>jk * . . 


84 


76 




Experiment No. 649, subject Ry. 

Total ration as in experiment No. 
647 












2,761 
336 


497 
128 


325 
22 


1,939 
186 


88 
37 


13, 747 


7'M 


Feces 


373 
4,807 


1,783 


73.')b 


Urine 


409 




Amount digested from total ration 
Amount d.gested from whippoor- 
will peas 








1 








2,425 
939 


369 
ISi 


303 
14 


1,753 
. 741 


51 
28 


11,555 




Per cent digested from total ration 
Percent d.gested from whippoor- 
will peas .♦. 










88 
76 


74 
61 


93 
60 


90 
82. 


58 
53 


84 
71 











The total diet was not digested quite so thoroughly in these experi- 
ments as in the previous series. This may be because the subjects 
were different or because the quantity of whippoorwill peas was 
larger and the basal ration correspondingly smaller in the present 
series. However, two of the subjects, Fa. and Fx., digested the 
nutrients of the legumes, according to the computed results, about 
as thoroughly as the subjects of the previous series. Ky. did not 
digest either the protein or the carbohydrates of the whippoorwill 
peas nearly as completely as any of the other five subjects. Disre- 
garding the results with this subject, which because of the wide dis- 
crepancy seems but fair, the average results for the legimies alone 
in this series is for protein 71 per cent and for carbohydrates 87 per 
cent, just the same as in the previous series. Computed in the former 
manner by assuming coefficients for each constituent of the basal 
ration, the results for the whippoorwill peas alone would be protein 
72 per cent and carbohydrates 86 per cent, a practical agreement 
with those just stated. 

The results of the twelve experiments with whippoorwill peas are 
here summarized. 





Table 13.—E*timated c 




Experiment No. 


Suliject, 


Weight o 


Totsl 


— 


p^j Carbohy- 




B:::::: 


I'wo 

I'.m 
i!4Da 

1,4(» 


ao' 

i 


71 
7Z 

7a 

71 


Per cent. 1 fcr «I1(. 
30 B7 
40 1 M 




af 90 

7Sl 91 


SJ::: 


70' f8 








s, 










m 


70 















In the average for the twelve experiments the digestibhity of the 
protein of the whippoorwill peas is 70 per cent; but this includes at 
least one figure that is unusually low. It will be observed that the 
result in seven of the twelve experiments exceeds 70 per cent, and 
in one it is the same. A fairer average for the protein would be at 
least 72 per cent. Likewise in the case of the carbohydrates, the 
average is 87 per cent; but while the result in one experiment equals 
that, those in six others exceed it. This would suggest that the 
average might be placed nearer 90 per cent. 

BXPERIMENT8 WITH CLAY PEAS. 

In the study of the digestibility of clay peas, fifteen experiments 
were made, in ten of which the legumes formed a considerable portion 
of the diet, the other five being determinations of the coefficients for 
the basal ration alone. The details follow. 

Experiments Nob. 346-354. 

These experiments were made with the same subjects, B., H., and 
K., as in Nos. 340-345 with whippoorwill peas, and the plan of the 
present experiments was practically the same as that of the previous 
series. The particular difference is an extra four-day legume period 
in the present series. The basal ration experiments, Nos. 346-348, 
began on January 21, 1902. The first legume period, experiments 
Nos. 349-361, began on January 25. The basal ration was reduced 
20 per cent and enough clay peas were added to furnish nearly the 
same amount of energy as that in the material deducted. The second 
legume period, experiments Nos. 349-351, began on January 29. In 
these the original basal ration was reduced 50 per cent, and enough 
legumes added to restore the energy. Subject B. had the same diet 
as K. in each case, but H. ate a larger basal ration and more legumes 
than they. The data of these experiments are shown in Table 14, 
bringing the results for the basal ration and the first and second legume 
period together serially for each subject. 
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Table 14. — Data of digestion experiments Nos. S4Q-S54- 



Ref. 
No. 




Total 
weight. 


Total 
oi^ganic 
matter. 


Pro- 
tein. 


Fat. 


Carbohy- 
drates. 


Ash. 


Energy. 


fXf?, 


Basal Ration Alone. 

Erperiment No. SJ^, subject B. 

Basal ration: 

Bread 


Orams. 

1,800 

4,000 

200 

120 

1,400 

200 


Orams. 
1,170 
523 
160 
107 
310 
200 


Orams. 

174 

118 

3 

4 

18 


Orams, 

12 

179 

157 

103 

10 


Orams. 
984 
226 


Orams. 
17 
31 
10 
4 
10 


Calories. 
5,251 


603' 


Milk 


3,.212 


604 


Butter 


1,408 


605 


Pork 




986 


?S06 


Bananas 


282 
200 


1,251 




Sucrar 


792 




Total basai ration 












2,470 
72 


317 
28 


461 
19 


1,692 
25 


72 
16 


12,906 


606 


Feces 


88 
6,804 


473 


609 


Urine 


401 




Amount digested 


















2,398 


289 


442 


1,667 


56 


12,032 




Per cent dicrested 








97 


91 


96 


98 


78 


93 




Basal Ration and Clay Peas. 
Experiment No. 349, subject B. 

m 

Basal ration as in experiment No. 
346 reduced 20 per cent 










1,977 
581 


253 
162 


369 
10 


1,355 
409 


58 
25 


10,324 


601 


Clay peas 


700 


2,741 




Total ration 








2,558 
192 


415 
73 


379 
28 


1,764 
91 


83 

3a 


13,065 


610 


Feces 


225 
9,256 


1,133 


613 


Urine 


481 




Amount digested from total ration 
Amount digested from clay i)eas . . 


















2,366 
450 


342 
114 


351 


1,673 
345 


50 
5 


11,451 




Per cent digested from total ration 
Per cent digested from clay ueas . . 










92 
79 


82 
70 


93 


95 
84 


60 


88 




Experiment No. SSt, subject B. 

Basal ration as in experiment No. 
346 reduced 50 per cent 












1,235 
1,509 


150 
421 


230 
26 


846 
1,062 


36 
64 


14,453 


601 


Clay peas 


1,815 


7,106 












2,744 
305 


580 
135 


256 
22 


1,908 
148 


100 
43 


13, 559 


614 


Feces 


349 
9,350 


1,685 


617 




496 




Amount digested from total ration 
Amount digested from clay peas . . 

















2,439 
1,244 


445 
300 


234 
13 


1,760 
931 


57 
29 


11,378 




Per cent digested from total ration 
Per cent digested from clay peas . . 










89 
82 


77 
71 


91 
50 


92 
91 


57 
45 


84 




Basal Ration Alone. 

Experiment No. 347, subject H. 

Basal ration: 

Bread 

Milk : 

Butter 

Pork 

Bananas 

Sugar 

Total basal ration 






602 
603 
604 


2,800 

4,000 

200 

120 

1,400 

200 


1,820 
523 
160 
107 
310 
200 


270 

118 

3 

4 

18 


18 
179 
157 
103 

10 


1,532 
226 


27 
31 
10 
4 
10 


8,168 
3,212 
1,408 


605 




986 


206 


282 
200 


1,257 
792 














3,120 
119 


413 
51 


467 
37 


2,240 
31 


82 
18 


15,823 


607 
609a 


Feces 

Urine 

Amount digested 


' 137 
; 4,498 


787 
351 



















3,001 


362 


430 


2,209 


64 


14,685 




Per cent digested 










96 


88 


92 


98 


78 


93 
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Ref. 
No. 



601 



611 
613a 



•601 



615 
617a 



602 
603 
604 
605 
206 



608 
609b 



601 



612 
613b 



Table 14. — Data of digestion experiments Nos. 346-354 — Continued. 





Total 
weight. 1 


Total 
organic 
matter. 


Pro- 
tein. 

Orams. 
330 
195 


Fat. 


Carbohy- 
drates. 

Orams. 

1,792 

491 


Ash. 

Orams. 
65 
29 


Energy. 


Basal Ration with Clay Peas. 

Experiment No. 360, subject H. 

Basal ration as in experiment No. 
347 reduced 20 per cent 


Orams. 


Orams. 
2,497 
698 


Orams. 
375 
12 


Calories. 
12,658 


Clay peas 


840 


3,289 






Total ration. 




3,195 
179 


525 
80 


387 
24 


2,283 
75 


94 
22 


15,947 


Feces 


5,643 


1,043 


Urine 


530 













Amount digested from total ration 
Amount dicrested from clay peas .. 




3,016 
625 


445 
155 


363 
18 


2,208 
452 


72 
21 


14,374 








Percent digested from total ration 
Per cent digested from clay peas .. 


'.'.'.'.'.'.'.'. 


94 
89 


85 
79 


94 


97 
92 


77 
72 


SO 








Experiment No. 363, subject H. 

Basal ration as in experiment No. 
347 reduced 60 per cent 


• 


1,560 
1,588 


207 
443 


233 
28 


1,120 
1,117 


38 
69 


7,912 


Clay peas 


1,910 


7,478 






Total ration 




3,H8 
334 


650 
151 


261 
23 


2,237 
160 


107 
38 


15,390 


Feces 


372 
7,023 


1,844 


Urine 


597 
















Amount digested from total ration 
Amount digested from clay peas . . 




2,814 
1,320 


499 
317 


238 
24 


2,077 
979 


69 
39 


12,949 








Percent digested from total ration 
Per cent digested from clay peas . . 




89 
83 


77 
71 


91 
82 


93 

88 


64 
56 


84 








Basal Ration Alone. 

Experiment No. 348, subject K. 

Basal ration: 

Bread 


1,800 

4,000 

200 

120 

1,400 

200 


1,170 
523 
160 
107 
310 
200 


174 

118 

3 

4 

18 


12 
179 
157 
103 

10 


984 
226 


17 
31 
10 
4 
10 


5,251 


Milk 


3,212 


Butter 


1,408 


Pork 




986 


Bananas 


282 
200 


1,257 


Sugar 


792 




1 




Total basal ration 




2,470 
80 


317 
30 


461 
25 


1,692 
32 


72 
16 


12,906 


Feces 

Urine 


102 
3,994 


569 
332 




1 










Amount digested 




2,384 


287 


436 


1,660 


56 


12,005 








Per cent digested 




96 


90 


95 


98 


78 


93 








Basal Ration with Clay Peas. 

Experiment No. 351, subject K. 

Basal ration as in experiment No. 
348, reduced 20 per cent 




1,977 
581 


253 
162 


369 
10 


1,355 
409 


58 
25 


10,324 


Clay peas 


700 


2,741 






Total ration 




2,558 
170 


415 
64 


379 
22 


1,764 

84 


83 
26 


13,065 


Feces 

Urine 


196 
4,670 


977 
383 














Amount digested from total ration 
Amount digested from clay peas. . 




2,388 
481 


351 
123 


357 
6 


1,680 
352 


57 
12 


11,705 








Per cent digested from clay peas . . 




93 
83 


85 
80 


94 
GO 


95 
86 


69 

48 


SO 
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Table 14. — Data of digestion experiments Xos. 346-^54 — Continued. 



Ref. 
No. 




: Total Total 
^**«°'- matter. 


Pro- 
tein. 

Orams. 
152 
421 


Fat. 


Carbohy- 
drates. 


Ash. 


Eneigy. 




Basal Ration with Clay Peas— 
Continoed. 

Experiment So. 864, subject K. 

Basal ration as in experiment No. 
348, reduced 50 per cent 


1 QravM. QravM. 
' 1,189 


QravM. 
229 
26 


Qrams. 

808 

1,062 


Qrams. 
35 
64 


Calories. 
6,249 


601 


Clay Deas 


1,815 1.509 , 


7,106 




Total ration 






' 2,698 


573 
122 


255 
18 


1,870 
179 


99 
39 


13,355 


616 
617b 


Feces 

Urine 


1 358 319 
, 5,524 


1,703 
425 




Amount digested from total ration 
Amount digested from clay peas . . 

Percent digested from total ration 
Per cent digested from clay peas .. 
















2.379 

• 5.232 1 


451, 
314 


237 
19 


1,601 
899 


60 
33 


11,227 




' 88 

82 , 


79 
75 


93 
73 


90 
85 


61 
52 


84 




1 , ' 





There was considerable variation in the results of similar experi- 
ments with diflFerent subjects. Thus B. digested 70 per cent of the 
protein and 84 per cent of the carbohydrates of the beans in the ration 
with the smaller quantity of legumes, whereas K. digested 80 per 
cent of the protein and 86 per cent of the carbohydrates from a ration 
identical with it. H., who ate a larger quantity of legumes, digested 
79 per cent of the protein and 92 per cent of the carbohydrates. 
When the amount of legumes in the ration was increased about 
two and one-half times, and the basal ration correspondingly de- 
creased, B. digested the same proportion of protein and a little larger 
proportion of the carbohydrates of the cowpeas than with the 
smaller amount, but H. and K. digested both the protein and the 
carbohydrates less thoroughly. 

Experiments Nos. 632-637. 

In the experiments in which the basal ration period was followed 
by two periods with larger quantities of legumes, the excessive 
legume diet became distasteful, and examination of the feces indi- 
cated that digestion may have been slightly impaired. Accordingly 
in the present experiments the basal ration period was followed 
by only one legume period. The experiments with the basal ration 
alone began February 26, 1903. The diet was uniform for each sub- 
ject. In the legume period beginning March 2, the basal ration in 
each case was reduced 40 per cent, and for the material thus removed 
was substituted enough clay peas to supply above 41 per cent of the 
total organic matter of the diet. The subjects were three college 
students, Ba., 20 years old, weighing 146 pounJs; G., 24 years old, 
weighing 146 pounds; and R., 26 years old, weighing 149 pounds. 
The data of the experiments are given in Table 15. 
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Table 15. — Data of digestion experiments Nos. 6S2-6S7. 



Ref. 
No. 



680 
681 
682 
670 
206 



683 
686 



Basal Ration Alone. 
Experiment No. 6S2, subject Ba. 



Basal ration: 
Bread . . . 

Milk 

Butter. . 

Pork 

Bananas. 
Sugar... 



Feces. 
Urine. 



Total ration . 



684 
686a 



Amount digested 

Per cent digested 

Experiment No. 6S3, subject 0. 

Total ration as in experiment No. 

632 

Feces 

Urine 



685 
686b 



Amount digested 

Per cent digested 

Experiment No. 6S4, subject R. 

Total ration as in experiment No. 

632 

Feces 

Urine 



Amount digested . 
Percent digested, 



680 
681 
682 
670 
206 



679 



687 
690 



Basal Ration Reduced and 
Legumes Added. 

Experiment No. 6S5, subject Ba. 



Basal ration: 

Bread 

Milk 

Butter... 

Pork 

Bananas. 
Sugar 



Total basal ration. 
Clay peas 



Feces. 
Urine. 



Total ration. 



Total l<,2±ic 



Grams. 

1,800 

4,000 

200 

120 

1,400 

200 



Amount digested from total ration 
Amount digested from lady peas. . 



Per cent digested from total ration 
Per cent digested from clay peas . . 



Grams 
1,286 
547 
171 
115 
310 
200 



88 
4,256 



117 
2,819 



85 
3,417 



1,080 

2,400 

120 

72 

840 

120 



1,300 



300 
5,469 



Pro- 
tein. 



Grams. 

177 

125 

1 

6 

18 



2,629 

74 



2,555 



97 



2,629 
98 



2,531 



96 



2,629 
72 



2,557 



97 



771 
328 
103 
68 
186 
120 



1,576 
1,111 



2,687 

267 



2,420 
893 



90 
80 



688 
690a 



Experiment No. 636, subject O. \ \ 

Total rat on as in experiment No. I i 

635 1 2,687 

Feces ' 278 ; 244 

Urine T: , 3,761 



Amount digested from total ration 
Amount digested from clay peas . . 



Per cent digested from total ration 
Per cent digested from clay peas . . 



2,443 I 

926 I 



91 
83 



327 
29 



298 



91 



327 
37 



290 



89 



327 
28 



299 



91 



106 

75 

1 

3 

11 



196 
285 



481 
106 



375 
197 



78 
70 



Fat. 



Grams. 

17 
226 
170 
109 

10 



481 
103 



378 
204 



79 
72 



Carbohy- ^ah 
drates. '^^°- 



Grams. 

1,092 

196 



532 
18 



514 



97 



532 
25 



507 



95 



532 
19 



513 



96 



10 
136 
102 

65 
6 



319 
23 



342 
23 



319 
10 



93 
40 



342 
25 



317 
14 I 



282 
200 



Grams. 

18 

29 

7 

3 

10 



1,770 
27 



1,743 



98 



1,770 
C5 



1,735 



98 



1,770 
25 



1.745 



98 



655 
117 



169 
120 



1,061 
803 



1,864 
138 



1,726 
686 



93 
85 



1,864 
116 



1,748 
708 



93 
60 



94 
88 



67 
14 



53 



79 



67 
19 



48 



72 



67 
13 



54 



81 



11 

17 

4 

2 

6 



40 
48 



88 
33 



55 
23 



Energy. 



Calories. 
5,717 
3,464 
1,564 
1,030 
1,257 
792 

13,824 
478 
328 

13,018 

94 



13,824 
642 
327 

12,858 



62 
48 



88 I 
33 I 



55 
26 



62 
54 



93 



13,824 
450 
325 

13,043 

94 



3,430 
2,078 
938 
618 
754 
475 

8,293 
5,087 

13,380 

1,444 

530 

11,416 



85 
71 



13,380 

1,342 

350 

11,688 



87 
78 



ReL 
l<io. 
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Table 15. — Data cf digtsiion fxperimmis Xo$. 6.iJ-6S7 — Continued. 



Toul 



^^ sssi! ^- ^"- ''"^'' -"'• =""*^- 



Basal Ratiost Rkduckd axd 
Lboumbs Added— Cont'd. 

I Experiwtemt Xo. OT, nbjeit R. 

Total imtion aa in experiment No. Gmwu. Gmwu. Grawu. Grams. Granu. Grawu. Cdlorifs. 

635 2.687 481 342 1,864 88 13.380 

680 Feces 215 190 70 18 102 25 1.013 

600b Urine 4.607 336 

Amoant digested from total ration 2,497 411 324 1.762 63 12.031 

Amoont digested from day peas 973 233 18 712 31 

Feroent digested from total ration 93 85 96 94 72 90 

Per cent digested from clay peas 88 82 78 90 65 . S3 



Here also, as in the preceding series vdih clay peas, there is a con- 
siderable variation in results for different subjects. Ba. and *G. 
agreed fairly well in thoroughness of digestion of the peas, their range 
being 70 to 72 per cent for protein and 85 to 88 per cent for carbohy- 
drates; but R. digested 82 per cent of the protein and 90 ]>er cent 
of the carbohydrates from the verv same diet. 

The computed results for legumes alone in these nine experiments 
with clay peas are here summarized. 

Table 1G. — Estimated coefficients of digestibility of clay peas. 



Experiment No. 



Weight Total 
Subject, legumes <*^*"»^ Protein, 
eaten. 



Fat. 



matter. 



CariH>- 
hydrates. 



349. 
350. 
361. 
3G2. 



354. 
<I36. 
636. 
637. 





Grams. 


Per cent. 


B 


700 


79 


n 


840 


89 


K 


700 


83 


B 


1.815 


82 


n 


1,910 


83 


K 


1.815 


82 


1 Ba.... 


1,300 


80 


G 


1.300 


83 


R 


1.3C0 


88 



70 ... 




84 


79 ... 




92 


80 


(» 


86 


71 


50 


91 


71 


82 


88 


75 


73 


85 


70 


40 


85 


72 


iiO 


88 


82 


78 


90 



Ayerage. 



S3 



74 



88 



The average of coefficients for carbohydrates, 88 per cent, is a 
mean between the maximum and the minimum results in individual 
experiments, 92 and 84 per cent, respectively. Five of the nine cases 
equal or surpass the average. The figure therefore seems a fair one. 
The average for protein, 74 per cent, is a little below the mean between 
the maximum, 82, and the minimum, 70 per cent. In three cases the 
results were 79 per cent or over, and in five cases they ranged from 70 
to 72 per cent. The range 70 to 80 per cent was found in two dupli- 
cate experiments with 700 grams of legumes eaten in each; and an 
even larger range, 70 to 82 per cent, in two duplicate experiments 
with 1,300 grams of legumes. But two of the three experiments Anth 
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the smaller quantity of legumes gave larger coefficients for protein 
than five of the six experiments with larger quantities. It seems 
fair to infer that the increase in the quantity of peas in the diet 
decreased the thoroughness of digestion of the protein of the peas. 

EXPERIMENTS WITH LADY PEAS. 



The object of the following experiments was to determine the 
digestibility of lady peas. In fourteen of the experiments the legumes 
comprised various proportions of the total diet. The purpose of the 
other eleven experiments was to determine the digestibility of the 
diet with which the peas were eaten, in order to compute that of the 
legumes themselves. 

Experiments Nos. 355-363. 

These experiments were made with the same subjects, B., H., and 
K., and in the same manner, as experiments Nos. 340-345 (p. 30). 
The basal ration period began February 21, 1902. In the first legume 
period, which began February 25, the basal ration was reduced 25 
per cent, and was supplemented by lady peas, a sufficient quantity 
of these being added to bring the total energy of the diet as nearly as 
practicable the same as that in the original basal ration, without 
increasing the protein of the diet beyond a certain amount. In the 
next legume period, beginning March 1, the basal ration was reduced 
50 per cent and supplemented by lady peas. 
. The data of the experiments are given in Table 17. 

Table 17. — Data of digestion experiments Nos. S55-S63. 



Rcf. 
No. 



Total 
weight. 



619 
620 
621 
622 
206 



623 
626 



Basal Ration Alone. 
Experiment No. ,i66, .subject B. 



Basal ration : 
Bread. . . 

Milk 

Butter.. 

Pork 

Bananas. 
Sugar . . . 



Grams. 

1,800 

4,000 

200 

120 

1,400 

200 



Total basal ration ' 

Feces i 99 

Urine i 5,656 



Amount digested 
Per cent digested, 



Total 


Pro- 
tein. 




organic- 
matter. 


Fat. 


Grams. 


Grams. 


Grams. 


1,188 


197 


7 


525 


135 


188 


159 


3 


156 


102 


5 


97 


310 


18 


10 


200 












2,484 


358 


458 


80 


29 


23 


--,--- 1 


2,404 


329 


435 


97 


92 


95 



Carbohy-1 . ^ 
drates. ^^'^"• 



Energy. 



Grams. 
984 
202 



282 
200 



Grams, 

23 

31 

9 

5 

10 



1,668 

28 



78 
19 



Calories. 
5,315 
3,020 
1,393 

888 
1,257 

792 



12,665 
543 
362 



1,640 



59 



11,760 



98 



76 



93 



Table 17. — DaUt ^digttlton exprrimenU Xoe. ^d5-J6J— Continupd. 







Hciebt- 

Oramj. 


^^ 


u'i^ 


Fat. 




Aati. 


Energy. 


BUU RitlOK IKI. LiDT l-c^s. 


5» 


Cra« 


°"^- 


Orom.. 


Oranu. 

SO 


Caloriti. 




TOO 










2.458 

lao 


44S 


^ 


'•'X 


26 






10,!" 








AmouDt dimted from total relioD 






2,338 


s 


32g 


l,41S 

3» 


13 


11,133 








,Per«ntdip.U..™nt«U.m^ 





90 




B2 


67 


no 

S2 


00 




EzpeTimtat \'o. Kl. ludyn B. 
B*m ratirai u in fxpciliiitnt No. 










l!3ft2 


180 

we 

SBS 

. 86 


30 


1,780 


37 
S7 








1.600 












38 








du 












Amount dj|mMd from lady ^as.. 

PerfflDtdlBMltd (rom toUl ration 
Per MDt dieted tram Udy puiH.. 

Basal Ratioh Alone. 

Ezperintnt No. SSS, judjrn //. 

BwBl ration: 


















1,223 


s 


w 


■■s 


M 


U.OBS 










'aoo 

'200 


«3 

102 


S2 


Sl 


1.S31 


60 
4b 


87 








3i 




























^ 
























3.144 


H 


ai 


18 


21 








6, Ml 












AmomitdlEestcd 












3,0M 


126 


431 


2.197 


60 
















B7 


01 


03 


S9 


77 






Basal Ration anb Ladt Peas. 

ExptTiTrteni ao- So9, twfert rt. 










s,a^7 


349 


317 


'4S8 


68 








MO 






ToUlratiOD 








3,072 


.563 


"m 


2,147 


a 








li.395 












Amount digested from total ration 
Amount digested from lady peas. 

Per rant digested from lady peas. . 


















='S 


ffi 


342 


'■Z 


» 


13,827 












8A 


84 


100 


03 


s 


ra 
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Table 17. — Data of digestion experiments Nos, S55S6S — Continued. 



Ref. 

No. 




Total 
weight 


Total 
organic 
matter. 


Pro- 
tein. 


Fat. 


Carbohy- 
drates. 


Ash. 

Orams. 
44 
71 


Energy. 




Basal Ration and Lady Peas— 
Continued. 

Experiment No. S62, subject H. 

Banal ration as in exx)eriment No. 
356, reduced 50 per cent 


Orams. 


Orams. 
1,573 
1,702 


Orams. 
235 
510 


Orams. 
231 
35 


Orams, 
1,107 
1,157 


Calories. 
7,810 


618 


Lady peas 


2,000 


8,046 




Total ration 








3,275 
250 


745 
124 


266 
30 


2,264 
96 


115 
38 


15,856 


632 


Feces 


288 
7,098 


1,418 


634a 


Urine 


568 




Amount digested from total ration 
Amount digested from lady peas. . 


















3,025 
1,500 


621 
407 


236 
21 


2,168 
1,072 


77 
43 


13,870 




Per cent digested from total ration. 
Per cent dieested from lady peas. . 








........ 


92 
88 


83 
80 


89 
60 


96 
93 


67 
61 


87 




Basal Ration Alone. 

Experiment No. S67, subject K. 

Basal ration : 

Bread 






619 


1,800 

4,000 

200 

120 

1,400 

200 


1,188 
525 
ISO 
102 
310 
200 


197 

135 

3 

5 

18 


7 

188 

156 

97 

10 


984 
202 


23 
31 

I 

10 


5,315 


620 


Milk 


3,020 


621 


Butter 


1,393 


622 


Pork 

Bananas 




888 


206 


282 
200 


1,257 




Sugar : 


792 




Total basal ration 












2,484 
118 


358 
41 


458 
28 


1,668 
49 


78 
19 


12,665 


625 


Feces 


i37 
3,129 


747 


626b 


Urine 


341 




Amount digested 


















2,366 


317 


430 


1,619 


50 


11,577 














95 


89 


94 


97 


76 






Experiment No. S60, subject K. 

Basal ration as in experiment No. 
357, reduced 25 per cent 











1,862 
596 


267 
179 


344 
12 


1,251 
405 


59 
25 


9,500 


618 


Lady peas 


700 


2,816 




Total ration 








2,458 
114 


446 
53 


356 
21 


1,656 
40 


84 
20 


12, 316 


629 


Feces 


134 

4,855 


684 


630b 


Urine 


354 




Amount digested from total ration 
Amount digested from lady peas. . 


















2,344 
570 


393 
155 


335 
12 


1,616 
403 


64 
19 


11,278 




Per cent digested from total ration 
Per cent digested from lady peas. . 


........ 








95 
96 


88 
86 


94 
100 


98 
99 


76 
76 


92 




Experiment No. S6S, subject K. 

Basal ration as in experiment No. 
357, reduced 50 per cent 










1,243 
1,362 


180 
408 


229 
28 


834 
926 


37 
57 


6,334 


618 


Lady peas 

Total ration 


1,600 


6,437 






2,605 
183 


588 
84 


257 
24 


1,760 
75 


94 
34 


12,771 


343 
634b 


Feces 

Urine 


217 
5,398 


1,043 
513 




Amount digested from total ration. 
Amount digested from lady peas . . 

















2,4?2 
1,238 


504 
344 


233 

18 


1,685 
876 


60 
32 


11,215 










Per cent digested from total ration 
Per cent dierestcd from iadv peas. . 










93 
91 


86 
84 


91 
64 


96 
95 


64 
56 


88 
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The results of these experiments were ven' siitisfttctorv; \\\o dif 
ferent subjects agreed fairly well in thoroughness of digestion of il\o 
nutrients of lady peas in the corresponding^ experiments. The 
results for B. were practically the same with both the lMr<;er niui tl\o 
smaller quantity of legumes, but the other two subjects <li^esteil the 
smaller quantity a trifle more thoroughly than the hir^<M* one. T\\%^ 
average of the coefficients for the lady peas alone in tlie six e\|HMi 
ments would be, for protein 83 per cent, and carholiydrates \K\ \h^v 
cent. 

EXPKKIMENTH NoH. 'MA 'Mi7 . 

On March 6, without intermission from the last of tlie pnviMhn^ 
experiments with lady peas, subjects II. and K. bepin another seritw 
of experiments. For the first four days their diets \ven» \\\o sanu* as 
those in the basal ration period of the preceding series; and for ll^e 
next four days this was reduced 40 p<»r cent and supplemented l\\ 
lady peas in corresponding proportion. The data of the.se experi 
ments follow: 

Table 18. — Data of dujhtion rxprrhnnits Noh. >ifi4 .><;;. 



Rof. 
No. 



819 

<ao 

685 
822 
a06 



036 



618 



630 
641 



'Total' ,,'i:^,l' I'n.. 



I' lit. 



CiirlMiliy- 



I <lriiti> 



s. 



\sl». KiuTK> 



Basal Ration Alonk. 

Experiment No. S64f siibjei t If. 

Basal ration: Grams 

Bread 2.800 

Milk 4,0(K) 

Batter 200 

Pork 120 ! 

Bananas 1, 400 j 

Sugar 200 i 

Total ration ! 

Feces 109 ' 

Urine 5.474 



Grams. 
l.H4« 
52.') 
1(>4 
102 
310 
2(K) 

3,149 
93 



Grams. 

1,'« 
3 



Grams, 

11 

IKN 

Mil 

t»7 

10 



Grams. ! Grams. ('ij/onV.v. 
l.Ml r» .V->iS 

2t)2 31 

f 



4(17 I 



4(i9 



Amount digested 

Per cent digested 

Basal Ration and Lady Peas. 

Experiment No. Sfi6, subjed H. 

Basal ration as in cxporiniont No. 

364, reduced 30 per cent 

Lady peas 



1,280 



3,05(i 

~~ 97 



Total ration • • - 

Feces ^ 'fj 

Urine ' 5.418 



2,204 
1,089 

3.293 
158 



•131 
92 



.t»(i 
32(i 



4-13 
94 



(>52 
(i9 



328 



350 
•w 



Amount digested from total ration 
Amount digested from lady peas. . 

Percent digested from total ration 
Per cent digested from lady peas . . . 



2(K> 
2.215 , 



2. Ifvi . 
98 



I 



1,550 
741 

2.291 
ti7 



_ 


3.13,') 
1,008 


283 

89 
87 


:{28 
20 

94 
91 


2,224 

7a'> 

97 
95 


"■■—""■""- 


95 
93 


-.-.■==•— 



10 



ss 
1(» 



72 



82 



83 
25 



108 
25 



83 , 
15 

77 1 
(.0 I 



3.ltV 
1.421 

sss 

1.251 
792 

i.'».wr. 

^94 
(viA 

14.417 



10.951) 
5, 149 

Ki, 102 
91G 
5.Ki 

14,()fiO 



91 
89 
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Table 18. — Data of digestion experiments Nos. 364-367 — Continued. 



^ef. 
No. 




Total 
weight. 

QravM. 

1,800 

4,000 

200 

120 

1,400 

200 


Total 
organic 
matter. 


Pro- 
tein. 


Fat. 


Carbohy- 
drates. 


Ash. 


Energy. 


619 


Basal Ration Alone. 

Experiment No. 365, subject K. 

Basal ration: 

Bread 


Qrams. 
1,188 
525 
164 
102 
310 
200 


Qrams. 
197 
135 

- I 

18 


Qrams. 

7 

188 

161 

97 

10 


Qrams. 
984 
202 


QravM. 

23 

31 

7 

5 

10 

76 
17 


Calories. 
5,315 
3,020 


620 


Milk 


635 


Butter 


1,421 


622 


Pork 




888 


206 


Bananas 


282 
200 


1,257 
792 




Susrar 




Total ration 








2,489 
85 


358 
34 


463 
22 


1,668 
29 


12,693 
529 


637 


Ft3ces 


102 
4,318 


638a 


Urine 


501 




Amount digested 


















2,404 


324 


441 


1,639 


59 


11,663 




Per e(!nt digested 










97 


90 


95 


98 


78 


92 




Basal Ration and Lady Peas. 

Fxperimevt No. S67, subject K. 

Basal ration as in experiineni No. 
365, reduced 30 per cent 










1,742 
885 


250 
265 


325 
16 


1,167 
602 


53 
37 

90 
25 


8,886 


618 


Lady peas 


1,040 


4,184 




Total ration 






2,627 
126 


515 
53 


343 
20 


1,769 
53 


13,070 
734 


640 


Feces 


150 
6,069 


638a 


Urine 


577 




Amount digested from total ration 
Amount digested from lady peas. . 


















2,501 
823 


462 
237 


323 
14 


1,716 
572 


65 
24 


11,759 




Percent digested from total ration 
Per cent digested from lady peas. . 










95 
93 


' 90 
89 


94 

78 


97 
95 


72 
65 


90 

86 











Though H. ate a Utile larger quantity of legumes than K., the 
results with both subjects agreed very closely. The average coeffi- 
cients for the lady peas alone in these experiments are for protein 88 
per cent and carbohydrates 95 per cent, as compared with 83 and 95 
per cent, respectively, in the preceding series. 

Experiments Nos. 638-643. 

This series of experiments was made with the subjects. Fa., Fx., 
and Ky., who served in a similar series with whippoorwill peas (Nos. 
644-649), made later than these but reported on preceding pages 
(35-37) of the present publication. The basal ration period began 
December 3, 1903. The diet was alike for all three subjects. In 
the legume period, beginning December 7, the basal ration for each 
subject was reduced 40 per cent and supplemented by the same 
amount of lady peas. The kinds and amounts of food in the basal 
ration were the same in these experiments as in No. 365 with subject 
K., but because of differences in composition and heat of combustion, 
the quantities of nutrients and energy supplied was somewhat larger 
in the present case. The basal ration was reduced the same propor- 
tion in these experiments as in No. 367, but a larger quantity of lady 
peas was added in the present series. The data of these experiments 
follow: 
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Table 19. — Data of digestion experiments Nos. 6S8-64S, 



Ref. 
No. 




Total 
weight. 


Total 
organic 
matter. 


Pro- 
tein. 


Fat. 

Grams. 

12 
278 
170 
101 

10 


Carbohy- 
drates. 


Ash. 


Energy. 


712 


Basal Ration Aeone. 

Experifneia No. 638, subject Fa. 

Basal ration: 

Bread 


Orams. 

1,800 

4,000 

200 

120 


Chrams. 
1,215 
625 
172 
106 
310 
200 


Orams. 

172 

152 

2 

51 

18 


Orams. 

1,031 

196 


Orams. 

16 

28 

4 

4 

10 


Calories. 
5,404 


713 


V1IV 


4.056 


714 


Butter 


1,573 


715 


Pork. 




971 


ao6 


Bananas 

Sugar 

Total ration 


1,400 
200 


282 
200 


1,257 
792 














2,629 
56 


349 
21 


571 
16 


1.709 
19 


62 
13 


14,053 
363 


716 


Feces 


69 


719 


Urine 


3,465 


360 




Amount digested 
















2,573 


328 


555 


1,690 


49 


13,330 




Per cent digested 








98 


94 


97 


99 


79 


95 












Experiment No. 6S9, subject Fx. 

Total ration as in experiment No. 
638 




2,629 
63 


349 
24 


571 
16 


1,709 
22 


62 
15 


14,053 
402 


717 


Feces 


78 
3.310 


710a 


Urine 


331 




AiTionnt dicfostp.d _ _ _ 



















2,566 


325 


555 


1,687 


47 


13,320 




Per cent dlKested 








98 


93 


97 


99 


76 


95 




Experiment No. 6Jfi, subject Ky. 

Total ration as in experiment No 
638 










2,629 
59 


349 
19 


571 
20 


l,7t)9 
20 


14 


M.aitS 


718 


Feces 


73 
4,525 


413 


710b 


Urine 


448 




Amount digested 








4S 

1 1 

9 

17 

3 

3 

6 








2,570 


330 


551 


l.(»9 

619 
118 


13, U»2 




Per cent digested 










98 


95 


9ti 


m 










712 


Basal Ration and Lady Peas. 

Experiment No. 6^1, subject Fa. 

Basal ration: 

Bread 


1,080 

2,400 

120 

72 

840 

120 


729 
376 
103 
64 
186 
120 


103 

91 

1 

3 

11 


7 

167 

102 

61 

6 


3.242 


713 


Millr , 


2. 434 


714 


Butter 


944 


715 


Pork 




582 


206 


Bananas 


169 
120 


475 




Sugar 


754 




Total basal ration 












1,578 
1,173 


209 
304 


343 
24 


1.026 
845 


3S 
47 


8,431 




Lady peas 


1,360 


5.334 




Total ration 








2,751 
148 


513 
62 


367 
22 


1,871 
64 


85 
30 


13,765 


720 


Feces 


178 
3.896 


859 


723 


UTine 


479 




Amount digested from total ration 
Amount digested from lady peas. . 












2,603 
1,057 


451 
255 


345 

12 


1 1,807 
1 791 


55 
25 


12,427 












Per cent digested from total ration 




95 

89 


88 
84 


94 
50 


97 
94 


65 
53 


91 
83 












Experiment No. 6^, subject Fx. 

Total ration as in experiment No. 
641 




2,751 
184 


513 

80 


1 

1 

367 

17 


1,871 
87 


85 
31 


13,765 


721 


Feces 


215 


1,026 
431 


723a 


Urine 


3,956 




Amount digested from total ration 
Amount digested from lady peas.. 






1 










2,567 
1,024 


433 
2,'W 


350 
17 


1,784 
768 


54 
25 


12,308 




Percent digested from total ration 
Percent digested from lady peas. . . 










93 

87 


84 
79 


1 95 
1 71 


95 
91 


66 
53 


89 
81 






■ 





50 

Table 19. — Data of digestion experiments Nos. 6S8-64S — Continued. 



Ref. 
No. 




Total 
weight. 


Total 
organic 
matter. 


Pro- 
tein. 


Fat. 


Carbohy- 
drates. 


Ash. 


Energy. 




Basal Ration and Lady Peas— 
Continued. 

Experiment No. 64s, subject Ky. 

Total ration as in experiment No. 
641 


Qrams. 


Qrams. 
2,751 
172 


Qrams. 
513 
70 


Qrams. 
367 
25 


Qrams. 
1,871 

77 


Qrams. 
85 
25 


Calories. 
13,765 
983 


722 


Feces 


197 
5,292 


723h 


Urine 


487 




Amount digested from total ration 
Amount digested from lady peas . . 


















2,579 
1.035 


443 
244 


342 
13 


1,794 

778 


60 
31 


12,296 




Percent digested from total ration 
■ Per cent digested from lady peas. . . 










94 

88 


86 
80 


93 
54 


96 
92 


71 
70 


89 
82 











These subjects digested the nutrients of the lady peas a little less 
thoroughly than did H. and K. in the preceding series, averaging 81 
per cent for protein and 93 per cent for carbohydrates. The results 
for Fx. and Ky. agreed quite well,. but those for Fa. were larger, espe- 
cially the coefficient for protein. 

Experiments Nos. 650-655. 

These experiments were made with the same subjects, Fa., Fx., 
and Ky., and according to the same general plan as the preceding 
series, but a change was made in the manner of determining the quan- 
tities of nutrients and energy in the basal ration, which needs some 
explanation. In preceding experiments these were ascertained from 
the weight of each material and its composition as found by separate 
analyses; but it seemed possible to reduce the number of analyses 
to one for a given basal ration. The results of previous investiga- 
tions'^ had shown that the analysis of a composite sample made up of 
aliquot portions of the different food materials in any given ration 
would show the average composition of the ration as a whole. In the 
present experiments therefore a composite sample of the basal ration 
was thus prepared and analyzed in the usual manner, and the results 
used in computing the quantities of nutrients in the ration. These 
results apply equally to the full and the reduced ration, of course, 
because in the latter each item of the original basal ration is reduced 
in the same proportion, which does not change. the percentage com- 
position. 

In the first period of the experiments, which began November 29, 
1904, each subject ate 2,400 grams of bread, 4,000 grams of milk, 100 
grams of butter, 1 ,400 grams of bananas, and 200 grams of sugar, in the 
four days. In the second period, beginning December 3, these quan- 

aU. S. Dept. Agr., Office of Experiment Stations Bill. 117, p. 40. 
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titles were reduced 50 per cent and each subject added 1,700 grams of 
lady peas for the four days. The data of the experiments follow : 

Table 20. — Data of digestion experiitients Nos. €50-655. 



Ref. 
No. 




Total 
weight. 

Qrams. 
8,100 
103 


Total 
organic 
matter. 


Pro- 
tein. 


Fat. 

Qrams. 
313 
20 


Carbohy- 
drates. 


1 
Ash. 1 


Energy. 


750 


Basal Ration Alone. 
Experiment No. 650, subject Fa. 


Qrams. 
2,774 
87 


Qrams. 
387 
36 


Qrams. 

2,074 

31 


Qrams. 
74 
16 


Calorie*. 
13.478 


751 


Feces 


663 


754 


Urine : 

Amount digested 


3,586 


38U 






351 






58 

78 1 

1 

74 
21 








2,687 


293 


2.043 


12.535 












Per cent digested 




97 


91 


94 


99 

2,074 
45 


93 




Experiment No. 661, svhject Fx. 






750 




2,774 
102 


387 
41 


313 

16 


13. 478 


752 


Feces 


123 
4,706 


(W7 


754a 


Urine 


329 




Amount digested 




346 




. 2.029 










2,672 


297 


53 


12. 512 




Per cent dierested 










96 


89 


95 


98 


?2 


93 




Experiment No. 652, subject Ky. 
Basal ration (composite) 






750 




2,774 
68 


387 
23 


313 
14 


2.074 
31 


74 
16 


13, 478 


753 


Feces 


84 
4,794 


458 


754b 


Urine 


407 




Amount digested 


















2,706 


364 


299 


2.043 


58 


12. 613 




Per cent digested 










98 


94 


96 


99 


78 

37 
60 

97 
33 


94 




Basal Ration and Lady Peas. 

Experiment No. 653, subject Fa. 

Basal ration reduced 50 per cent. . . 






750 




1,387 
1,470 


194 
404 


15t) 
30 

186 
28 


1.037 
1.036 

2.073 
70 


6, 739 


749 


Lady peas 


1.700 


(). 795 




Total ration 








2,857 
182 


598 

84 


13,534 


755 


Feces 


214 
5.062 


1.068 


758 


Urine 


613 




Amount digested from total ration 
Amount dijrested from ladv oeas. . 








2.oa3 

1.007 


()4 








2.675 
1,355 


514 
337 


158 
11 


11,853 




Per cent digested from total ration 
Per cent di&rested from ladv oeas. . 












94 
92 


86 
83 


85 
37 


97 
97 


66 


88 




Faperiment No. 664, subject Fx. 

Total ration as in experiment No. 
653 












2,857 
169 


598 
79 


186 
15 


2.073 
75 


97 
28 


13,534 


756 


Feces 


197 
C.247 


965 


758a 


Urine 


487 




Amount digested from total ration 
Amount di&rested from ladv oeas . 


















2,688 
1.351 


519 
346 


171 
23 


1,998 
982 


69 


12,082 




Per cent digested from total ration 
Per cent digested from ladv oeas. . 












94 
92 


87 
86 


92 

77 


96 
95 


71 


89 




Experiment No. 665, subject Ky. 

Total ration as in experiment No. 
653 












2,857 
195 


598 
85 


186 
27 


2,073 
83 


97 
28 


13,534 


757 


Feces 


223 


1,112 




Amount digested from total ration 
Amount dierested from ladv oeas. . 








2,662 
1,303 


513 
331 


159 
9 


1,990 
963 


69 


11,784 




Percent digested from total ration 












93 
94 


86 
82 


85 
30 


96 
93 


71 


87 








i 

1 
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. The results for the different subjects are in fair accord in these 
experiments, and agree quite well with the best of those obtained in 
the preceding series. In the average for the three subjects the diges- 
tibility of the protein of the lady peas was 84 per cent, and that of 
carbohydrates 95 per cent. 

The coefficients of digestibility of the nutrients of lady peas in the 
fourteen experiments are here summarized: 

Table 21. — Estimated coefficients of digestibility of lady peas. 



Experiment No. 


Subject. 

• 


Weight 
of le- 
gumes 
eaten. 


Total 
organic 
matter. 


Protein. 


Fat. 


Carbohy- 
drates. 


358 


B 

H 

K 

B 

H 

K 

H 

K 

Fa 

Fx 

Ky 

Fa 

Fx 

Ky 


Grams. 

700 

840 

700 

1,600 

2,000 

1,600 

1,280 

1.040 

1,360 

1,360 

1,360 

1,^00 

1,700 

1,700 


Per cent. 
90 
89 
96 
90 
88 
91 
93 
93 
89 
87 
88 
92 
92 
94 


Per cent. 
82 
84 
86 
82 
80 
84 
87 
89 
84 
79 
80 
83 
86 
82 


Per cent. 


Per cent, 
97 


360 


100 
100 
34 
60 
64 
91 
78 
50 
71 
54 
37 
77 
30 


93 


360 


9i^ 


361 


95 


362 


93 


363 


95 


366 


95 


367 


95 


641 


94 


642 


91 


643 


92 


653 


97 


654 


95 


655 


93 






Average 




91 


83 


65 


95 











The average of thfe results for the fourteen experiments with lady 
peas gives the digestibility of the protein as 83 per cent and of the car- 
bohydrates 95 per cent. The minimum figure for protein is 79 per 
cent, but in only one case is it below 80 per cent. The maximum is 
89 per cent, but the majority of the individual results are not far 
from the average. The figures for carbohydrates range from 91 to 
97 per cent, but most of these also vary little from the average. 
These results are as a whole very satisfactory. 

STJMMAET AND. DISCUSSION. 

The investigations on the digestibility of legumes here reported 
include eight experiments with red kidney beans, six with white or 
navy beans, and thirty-five with different varieties of cowpeas. Of 
the latter, twelve were with whippoorwill peas, nine with clay peas, 
and fourteen with lady peas. In each of these experiments the 
legumes were eaten with a few common food materials. The coeffi- 
cients of digestibility of the diet as a whole were determined in the 
usual manner, from the data regarding the ingredients of the food 
and the feces. The corresponding coefficients for the nutrients of 
the legumes alone were computed, by making allowance for the diges- 
tible nutrients supplied by the materials with which they were eaten. 
The averages of the results obtained in the experiments with the 
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different legumes are given in Table 22, which includes both the 
determined coefficients for the total ration and the computed coeffi- 
cients for the legumes themselves. 

Table 22. — Summary^ of results of digestion experiments with different legumes. 



Character of diet. 



Basal ration alone 

Basal ration and kidney beans 

Basal ration and white beans 

Basal ration and cowpeas, whippoorwill 

Basal ration and cowpeas, clay 

Basal ration and cowpeas, lady 



Digestibility of total diet. 



Protein. 



Per cent. 
91 

78 
81 
77 
81 
87 



Fat. 



Per cent. 
95 
89 
88 
91 
93 
91 



Carbohy- 
drates. 



Per cent. 
98 
95 
95 
92 
94 
97 



Digestibility of 
legumes alone. 



Protein. 



Per cent. 



77 
78 
70 
74 
83 



Carbohy- 
drates. 



Per cent. 



94 
96 
87 
88 
95 



It is quite evident that as they were eaten in these experiments 
the legumes were somewhat less thoroughly digested than other com- 
mon food materials. Thus when the basal ration, which was made 
up of a few ordinary foods, was eaten alone, 91 per cent of the protein, 
95 per cent of the fat, and 98 per cent of the carbohydrates were 
digested in the average of 23 experiments. These figures, it may be 
mentioned, are practically identical with those for total food in the 
average of a large number of American and European experiments 
with mixed diet." But when the legumes were added to the basal 
ration, the digestibility was lowered, with varying results for the dif- 
ferent legumes. It was affected least of all by the addition of the 
lady cowpeas, and most of all by the whippoorwill cowpeas. 

This decrease in the digestibility of the nutrients of the total ration 
may be due to some direct effect of the presence of legumes on the 
digestion of the other foods; they may be less thoroughly digested 
when eaten with legumes than without them. In siuch cases it might 
be possible that the coefficients for the nutrients of the total diet 
would apply alike to all the food materials included. It seems, how- 
ever, more likely to be that the legumes themselves are, as suggested 
above, less thoroughly digested than the other foods, which would, of 
course, give lower percentage results for the total diet with the legumes 
than for that without them. On the assumption that the thoroughness 
of digestion of the other food materials would not be materially dimin- 
ished, the digestibility of the legumes themselves in these experiments 
would be as shown in the table. 

The averages for red kidney beans and white or navy beans are 
almost exactly the same. If all fourteen experiments with these two 
kinds of beans were averaged together, the coefficient for protein 
would be 78 per cent and that for carbohydrates 95 per cent. It has 
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• 

been pointed out, however, in the discussion of the results of these 
experunents in preceding pages, that the average seems to be unduly 
affected by one or two individual cases that are decidedly out of 
accord with the others. If these were eliminated, and especially if 
the deduction were based on the results of those experiments in which 
the smaller quantities of beans were eaten, the average would be not 
less than 80 per cent for protein and 97 per cent for carbohydrates. 

These figures seem especially favorable, when it is remembered that 
in all the experiments the legumes supplied the major part of the pro- 
tein and carbohydrates of a diet that was ample for the subjects under 
the experimental conditions; and in some of them the proportion 
was very large indeed. More than that, the results were obtained 
in experiments in which the beans were eaten by each subject three 
times a day for four consecutive days. Ordinarily they are not eaten 
in nearly such large quantities nor for so many meals in succession. 
There are indications in the results of the experiments, from the 
increase in digestibility with decrease in proportion of beans to the 
rest of the diet, that as usually eaten they may be perhaps even more 
thoroughly digested than here found. But even the average given 
in Table 22 is equal to that found in corresponding experiments with 
graham bread. 

Among the cowpeas the clay and whippoorwill varieties compare 
favorably with each other, the digestibility of the protein being a 
little greater with the former. Even the most favorable average 
that could be deduced from the results with these two varieties 
would hardly exceed that for clay peas alone, 74 per cent for protein 
and 88 per cent for carbohydrates. This is noticeably lower than the 
average for the beans. The average for the lady peas, however, pro- 
tein 83 per cent and carbohydrates 95 per cent, compares favorably 
with that for the beans in respect to carbohydrates and appreciably 
exceeds it in digestibility of protein. In thoroughness of digestion 
the lady cowpeas equal entire wheat bread. 

In these experiments the legumes were all cooked in the same way, 
hence the results with the different kinds of legumes are directly com- 
parable. It would be interesting also to have data regarding the 
digestibility of the same legumes cooked in different ways, to ascer- 
tain the effect of cooking. The beans might be eaten with and with- 
out the skins, and different methods of preparation might be tried. 
There is experimental evidence that the bean proteid, when freed as 
thoroughly as possible from cellulose, is almost completely digested. 
In experiments with the Japanese preparation tofu, which is the pro- 
teid of the soy bean precipitated from a solution in a manner not 
entirely unlike that by which cheese curd is precipitated from milk, 
96 per cent of the protein was digested, which equals results obtained 
with animal foods. 
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In view of their richness in nutrient constituents, and the extent to 
which these are digested and absorbed by the body, the legumes 
deserve a high rank as important food materials. The present bulle- 
tin but demonstrates scientifically what has perhaps been long believed 
instinctively with regard to the value of white and kidney beans, but 
it also shows that whatever may be claimed for them may be claimed 
with at least equal fairness for the cowpea also. 

The cowpea has a distinctive and pleasing flavor and can be pre- 
pared for the table in a great many appetizing ways and compares 
favorably with other legumes in respect to both nutritive value and 
digestibiUty. Its wholesomeness and possible place in the diet is 
attested by its long and general use in the Southern States. Under 
usual crop conditions it is reasonable in price and it could undoubtedly 
be grown in quantities sufficient to meet any demand. The impor- 
tance of beans, peas, peanuts, lentils, cowpeas, and indeed of legumes 
as a class is each year becoming more generally recognized as a soiirce 
of protein in the diet, reasonable in cost as compared with common 
proteid foods of animal origin, and the use of legumes is increasing. 

When all these points are taken into consideration, it seems only 
fair to conclude that the cowpea deserves to be more generally known 
and used as a staple food throughout the United States both for its 
high food value and for the additional variety in the diet which it 
would help to secure. The importance to southern farmers of widely 
extending the use of cowpeas as an economical food can hardly be 
overestimated. 



' LIST OF PDBUCATtORS OF THE OFFICE OF EXPERrWEWT STATIOMS C 
THE FOOD ADD NUTRITION OF MAK-»'oiitlnu..d. 

■■■■ ■ -I, . ., ... ,1 - >.,,. , ,.■, ri .„.-.Ti Ih,. J>*»itWJl[v ui 7II.M BTid tlip Metul). 

ity a! rennivuw. l<m-IWU. ItyO.K.Wtlt 

■ I'hnr.idii Plinnpliutni lu tha Hunuui OtgaiM 

. -iT iinndat uu I'nlTently of HlmmolBiK 
: . . . PlillHiliatllila. fU', mid OiIimMii, 1&. By 

' ''iillfcniJuAiEilonltmaJKnnittnuial Btaflnii, 

I'i'i By n.B. nrlwlti'yiUiiSTlliinWLTlIiWni- 
ll.UiinlU, I'll V. Tri(ii-,a 




Icr MMI. r-p. ijr 
■" rtofttit, 

tiuprliHoil (cmri Vou'it">li ns IMiiHruiuuif iif 

r ri. n, UMnar, ndqiiliusdfruaiiYoailMiAvI 

Ti, Waoilf. KnnliibNt trow VM{kQiA 

Itrprlntal Mnn TnubAofi 

- — ^.jniuiit SfJittraw. M 

t StitluiM (ur tin yi<u miled 

.i-iuUyin robUo InHtttiitJniis. Uy c; r. rrftnpronhy-, huprlwuiil' 

,,t ifio OOloo W BiBorlmMrt (tMMOM tit ihr> yrar nmiim -ISai n 

:■■- ! fiirl.lw iimitin, WalOlBiflmi, O. r. Uj W.O. 

' ' : "I tl]i> Olllni III Eipidnwnt aiHtlfiDB bit Um 

|> *t,tiawr, Kn^iited ftom Anwwl lt«pi>rl 

ii«rMiriBiijtili»*,iaO*. IVZI. __ 



1 




